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ABACÁ-SOIL CONDITIONS IN TWO DISTRICTS ОР THE 
PHILIPPINE ISLANDS AND THEIR RELATION 
TO FIBER PRODUCTION * 


By Р. L. SHERMAN 
Cordage Instituto Fellow, Bureaw of Science, Manila. 
Two PLATES 
INTRODUCTION 

‘The investigations and the experiments outlined in this paper 
were made with the object of throwing light on what probably 
has been and undoubtedly will continue to be the most serious 
trouble connected with abaci-fiber ргодилНол; namely, weak 
fiber. 

То gather the information and the material necessary for 
the prosecution of the work many months were spent in the 
abacá districts, more especially in those of the Bicol provinces of 
Camarines Norte, Camarines Sur, Albay, and Sorsogon, Luzon, 
and in Davao Province, southeastern Mindanao. In these places 
large collections were made from the growing plants, of the 
fibers considered representative. 

These districts were especially chosen as furnishing the best 
examples of the oldest and the newest varieties of abacá plants, 
as well as the finest and the weakest. The methods of produc- 
tion, preparation, and storage, used probably seventy-five years 


ago, were studied side by side with those introduced during 
the past two or throe years. 


omnes coll and ash analyses reported were rado by tho division of вой», 
Bureau’ М Science, Малій. 
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The author would like to expres а 
mee bizin- 


the help, coöperation, and good will he has т 
ning this work, but he feels that Шоу would Гай far short of 
the mark and that all of the space should he devoted to beincins 
out the evident satisfaction of the entire раса industry al the 
inauguration of this pioneer work by the Cordage Institute of the 
United States, This is the more remarkable when it is under- 
Stood that these investigations were made possible only through 
the active cooperation of Filipinos, Germans. Chinese, Spaniards, 
‚алй Americans engaged in th industry, 
whom, without exception, did all they contd to farther the work. 
In the Вас of Science and the Bureau of Agriculture, as well 
as in the Fiber Standardization Board, the chiefs and : 

of the various departments appealed to gave willing persona 
aid and assistance and undertook much of the detail wo 
pearing here and yct to be published, 

It is fundamental that plant growth is determined by the kind 
and the amount of the chemical substances furnished through 
its roots and by the surrounding conditions of moisture and 
climate. Serious disturbance of normal growth may. result, con- 
sequently, from conditions. This distur- 
bance is generally manifested b; потта! products, 
and in the case of aba shed resistance 
to disease and a seak, fiber of short durability, in place of the 
strong, lasting fibertknown all over the world as the premier 
cordage material, 

Analyses of abacá disclose two distinct kinds of chemical con- 
stituents: inorganic, or the mingral salts taken from soil moisture 
by the roots; organic, or the material furnished both by the roots 
and by the photosynthesis of the plant itself in the leaves. 
These two kinds of chemical constituents combine to make the 
complex chemical bodies that supply the materials for plant 
growth and development. 


скейте 


aislante 
al 


MINERAL CONSTITUENTS OF АВАСА FIRER 


Та order tọ understand better what the abacå plant has taken 
from the soil in the way of mineral substances necessary for 
its growth, ashes were made from characteristic varieties of 
ађаса in various localities, and these ashes were analyzed for 
the principal mineral’ constituents recognized as being most im- 
portant in plant growth. In preparing these ashes it was edriy 
discovered that their tendeney to assume various colors during 
the burning of the fiber made it necessary to adopt a method 
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that would secure uniform results. This was especially neces- 
sary in as much as many persons have claimed a true distinc- 
tion between abacá and Canton could be based solely on the 
differences between the color and the texture of the ashes of 
the respective fibers. 


PREPARATION OF ABACA ASH 


‘Twenty-five grams of the full length of fiber of each sample ` 
were taken, cut into small pieces, and charred in а large por- 
celain crucible, which was refilled about three times to complete 
the process. The heat was then increased (a muffle furnace 
was used) until the carbe due ignited aid slowly 
burned out. The heat was again increased to low red, and 
the residual ashes oxi 'd {о a permanent form without melt- 
ing. After having been cooled in a desiccator and weighed, 
the ashes were transferred to а dry specimen tube, which was 
then sealed, and water-color paintings made of the ashes, as the 
photographs themselves could not be correctly colored, 

After many experiments, it was proven that differences in 
amount, texture, color, and composition, of the ash contents of 
t the following factors: 
wity of the plant; grade 
18 - From these 
"modifying conditions, especiaily the fourth one, it follows that 
а sample of ash is truly representative in АП respects only of 
the fiber from which it is made, but is not representative even 
of the entire plant nor of that variety of ађаса. The colored 
drawings, made from the ash specimens as mentioned above, 
illustrate some of the differences and similarities that appeared 
interesting and of possible future utility, 


ASHES OF REPRESENTATIVE ABACA FIBERS OF THE BICOL PROVINCES 


Sample 5 (Table 1) was a composite sample made up of 
equal parts of five varieties of abacé growing in the Bacacay 
district of Albay. Cleaning grade, Good to Fair. 

Sample 6 (Tablo 1) was а composite sample made up of equal 
parts of five varieties of abacii, one variety selected from each 
of the following districts: Jovellar, Guinobatan, Manito, Bulan, 
and Tinapian, Cleaning grade, Good to Fair. 

Sainples 30, 31, 82, and 33 were taken from four represen- › 
tative varieties of abacá growing in the same field, Buhi dis- 
trict, Camarines Sur. Cleaning grade, Coarse. 
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Tamta Chemical anatysce of ashes of abateicfibre натиск from Bicol 
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From the furures in Table 1 it із apparent that the principal 
and outstanding food constituents of abacá, other than nitroxen, 
coming from the soil are potash, iron, alumina, lime, magnes 
and silica, Silica, recognized as a hardening and protecting 
material rather than as one concerned with the vital processes 
of growth and development, may bo disregarded in the present 
discussion. Iron and alumina will be discussed later and atten- 
tion will be given more particularly first to potash and to lime 
with its associated magnesia. 

To prove that the last-named three salis merit attention, not 
only because of their food qualities, but also on account of the 
quantities involved, „it should be remembered that conservative 
figures for abacd-fiber production in the Philippines during 
many years is 1,250,000 bales per year, or a gross weight of 
154,000,000 kilograms. Analyses of cighty fiber samples show 
an average ash content of 1.85 per cont by weight of the fiber, 
the samples mentioned in Table 2 having been analyzed 


‘Taste 2.—Ash content of cighty samples of abacd fiber. 
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Taking 1.85 per cent as representing the ash content of the 
commercial fiber harvested, at least 1.5 per cent should be add- 
ed to represent the ash from the immense amount of waste 
fiber and pulp discarded by tho stripping knives, almost all of 
which is also lost to the вой, We have therefore, conservatively, 
over 3 per cent, or about 6,000,000 kilograms of mineral consti- 
tuents in the yearly abacá crop, of which over half is composed 
of potash and lime salts alone. That these areas have continued" 
to Боба Tor ПЕРУ years ЕВА are still producing, suffering as 
they have been an annual loss of nearly 5,000 tons of mineral 
constituents essential to араса production, seems almost im- 
possible and, while it must make us marvel at their past fertility, 
it certainly also should make us fearful for the future. Not 
that the situation camot be met and handled, but that up to 
the present neither preliminary nor experimental work has been. 
undertaken by the Government or by private interests to de- 
monstrate the best way of doing in a wholesale way that which 
obviously must be done—the reconditioning of the abacá fields. 
Unless such experimental work is started at once and prosecuted 
with vigor the fask will become increasingly difficult each year. 

To call attention again to the true si cance of these figures, 
a brief description of the methods of abacá-fber production and 
preparation must be given, the essential features of which are 
the cutting down of the entire plant; the selection from it of 
some 15 per cent, of the outer sheaths; ahd the stripping of 
those layers under an especially arranged knife blade to produce 
the commercial fiber, which constitutes а little less than 2 per 
cent by weight of the entire plant eut down. In ва much аз the 
process of harvesting the fiber by present methods removes 
only about 10 or 15 per cent of the material of the entire crop, 
the other 85 to 90 per cent is allowed to remain on the ground, 
and thus become plant food again through the agency of fer- 
mentation and decay. The products of fermentation are acid 
in character and, when dissolved by the rains and absorbed 
by the soil, not only are made available as plant food but also 
aid materially in dissolving the soil minerals, thus changing 
them from potential into available food products, This cycle 
of changes, then, is repeated at least twice a year throughout the 
abücá fields. Millions of kilograms of plants are cut down but 
only, à small part removed; the rest are left, to return to the 
soil thraugh fermentation and decay and be reabsorbed by the 
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remaining uncut, growing plants. This process of harvesting 
is certainly unique and probubly peculiar to abacá. That the 
soil is enriched and fertilized by the Immense amount of ar- 
ganic and inorganic material spread over jb semi 

undoubtedly true and is shown by the very high pe х 
humus found almost without execption in ай the араса 
‘analyses. Tt also perhaps aecounts for the fact that the ab 
“planter, from earliest time to the present, has Deen content to 
take his semiannual crop of fiber amd do nothing, absolute 
nothing, in the way of plowing, cultivation, fertilization, or 
crop rotation. to return to the зой that which has been tiken 
away as fiber, amounting to millions of kilograms annual] 

Deeper digging into the present. conditions of our aba 

reveals several (acts. The first is that the tremendous quantities 
of fermenting plant material left on the ground around the 
growing plants for months at a time form huge quantities of 
avid products which are absorbed by the кой, making it acid or 
sour. This excess acidity reacts in various ways, most of which 
are harmful unless promptly dealt with. Some of the acid іх 
directly absorbed by the growing abacá plants, the pernicious 
effects of which absorption will be described later; some of it 
leaches out through heavy rainfalls and disappears im the sur- 
face or subsoil run-off; much of it reacts chemically with the 
soil minerals, becoming neutralized and forming salus that in 
turn may be absorbed by the plants. The mineral that ap- 
parently acts as the great neutralizer of these acids of fermen- 
tation and decay is limestone, and im making soil analyses it 
has been found most convenient to measure the soil acidity 
jn terms of lime equivalents. It is, therefore, a prime necessity 
for soils, where large quantities of acids are periodically spread 
over them, to have sufficient lime available not only to neutraliz 
the acidity as it appears, but also to supply the heavy and con- 
stant needs of the growing crop. The roots of the plants penc- 
trate but а relatively short distance into the surrounding soil: 
the movement of вой moisture is, in general, slow in heavy, soils, 
во that it would seem advisable to apply lime or change the soil 
through plowing and cuitivation. The Philippine planter has 
never changed his soit by plowing. It is, therefore, high time to 
examine the actual chemical condition of the soils of the large 
areas that have been producing араса erops on an av 
twice а year for a half century or more with practjes 
plowing, cultivation, or стор rotation. 
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The samples of surface soils, the chemical and physical ana- 
lyses of which are given in Tables З and 4, were collected from 
the principal abaca districts of the Bicol provinces of Cama- 
rines Norte, Camarines Sur, Albay, and Sorsogon, at the same 
time and in the same locality as the fiber samples were taken 
from the various commercial varieties of abacá plants producing 
there. Care was taken to secure as representative samples 
of soils as possible, and the samples were invariably taken from 
spots equally distant from the surrounding hills of abacá; in 
other words, the effort was made to obtain the ‘most favorable 
sample, and as far removed from local root proximity as pos- 
sible, While the fields from which some of the samples were 
taken are comparatively young (say, ten to fifteen years under 
continuous crop production), most of them have probably been 
under crop for many years, it being no uncommon thing to find 
fields known to have been producing for forty to fifty years. 
As no study has yet been reported of soils und soil conditions 
in the ађаса districts, and no standards of comparison were 
available, the only way to show the effects of ађаса crops on 
soil was to compare old distriets with new. For this reason 
the Davao district of Mindanao was chosen for comparison with 
the Bicol district, аз the former is one of the newest, its fiber 
production per hectare several times that of the Bico! district, 
and its fiber the most uniformly strong and durable. 


MECHANICAL ANALYSES OF ABACA SOILS OF THE BICOL PROVINCES 


‘The mechanical analyses of soils here reported were made by 
the Schóne method as practiced by Osborne and as modified 
by Cox,’ and the chemicat analyses by the methods prescribed by 
the Association of Official Agricultural Chemists. To get their 
value and to understand their significance in the present instance, 
the following explanatory remarks may be permitted: 

The roots of a growing plant are influenced to a very marked 
degree by the physical conditions of the soil surrounding them, 
for dependent on these conditions is the availability of the min- 
eral foods, water, and air necessary for their growth. The 
prevailing opinion has been that abacá will grow well and pro- 
duce heavily only in soils of sandy loam or even a coarser class, 
and these soils predominate in the Bicol district planted to 


abacá; yet, all the recent experience of planters in the Davao 


1 Philip. Journ. Sci. ў A 6 (1911) 200 
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district shows that, other conditions being favors 
clay and clay-loam types will produce he: 


Тушь 3—Mechenical титул of кой in the Піва procinecs, foo 
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"The general results shown by the analyses presenied in ‘Tables 
3 and 4 would also seem to substantiate the assertion that 
ађаса can grow and produce well оп soils of the heaviest as 
well as of the lightest type, provided only the chemical con 
are favorable and the proper variety of abacá is selected, the 
later being a very important consideration. 

Taking for granted, then, unti! more evidence to the contrary 
has been presented, that there ave suitable varieties of abacá 
for the many kinds of soils found in the distvicts of the Islands 
where climatic conditions are favorable for their growth, the 
chemical composition and conditions of these soils become of 
primary importance and merit the closest study. 

The principal constituents of ађаса ashes have been stated 
before and the order of their importance according to weight 
percentages is potash, silica, limo and magnesia, iron and alu- 
mina. Potash, comprising nearly half of the ash contents, is 
probably the most important mineral constituent necessary to 
абасй growth and development. Silica, being present always 
in excess in almost all soils, need not be considered here. Close- 
ly following silica, with an average of 10 per cent and more, are 
lime and magnesia, considered together on account of the simi- 
Jarity of their action. They are of special importance to the 
abaca planter and exporter for the reason that the more re- 
search given to the subject of the chemical constitution of the 
binding material of bast and pseudo-bast fibers! the more are 
> Matthews, J. Merritt, “Distinction of Bast and Pseudo Bast Fibers; 
Textile Fibers 34 ed (1916) 159, 100, 171, 
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chemists agreed that it is composed of a form of pectin in com- 
bination with lime and magnesia” 

This brings us to the question of abaci’s fundamental re- 
quisite, the ehernical substances necessary for making the stron; 
est possible binding material for its fiber; for, no matter ho 
well it may otherwise grow and thrive, if il produces weak Ши 
it is а failure from the commercial standpoint, and is degraded ТА 
to the Canton class and called "bastard" fiber 

Аз has beep stated before, we have no direct method of show- 
ing by chemical analysis whether the soils contain in sufficent . 
quantities the essential substances needed by the plants for pro- i 
ducing stvong fibers, and neither the Government nor private 
interests appear io have established any standards for com- 
parison. We are forced, therefore, to judge abacá soils by the i 
standards worked out for other Philippine crops оз which 
work has been done. Therefore, the ratings given in Tables 5 
and 6 for the percentages of the various chemicals the soil 
contain, even though rather broud interpretation be given them 
and allowance made for possible special needs of ab: are 
certain to give valuable information to those vitality interested 
There is also а fundamental rule that appears applicable to 
most agricultural soils—that in order to avoid the detrimental 
effect of abnormal acid soil conditions plenty of lime and mag- 
nesia must be present to neutralize the acidity. А study of the 
analyses, especially‘of the soils in which the acidity is more than 
normal, as is true in the majority of cases in the Bicol district, 
indicates that the lime and magnesia rating is also low, while 1 
in the Davao district this is the case only where the erop is of | 
many years’ standing and, according to Davao practice, ready 1 
Хо be uprooted and replanted after a year of crop rotation. | 

The percentages of potash are so uniformly low in the Bicol 
district that it сап be asserted with positiveness that there is 
serious disturbance to both the normal and even the present 
abacé growth, which must be far from normal. Even the 
much newer Dayao soils, with careful plowing and cultivation, 
already show poor potash conditions in several districts. Phos- 
phates, an essential plant food though used in comparatively 

small quantities and generally present in most Philippine soils, 
are also low in several Bicol districts. If these collected “soil 


*Matthews, J. Merritt, Composition of Binding Material; Toxtiie Fibers, 
387, 388. Ehrlich, F. Chem. Ztg. 41 (1917) 197-200. Abstracted in 
Chem. Abs, 11: 2898. 
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samples are at all representative (and they were collected with 
that end in view), the only conclusion we can get from their 
analyses and from the absci-plant requirements as shown by 
their ashes is that the older abacé-soil area, of which the 
Bicol атса is an example, ave decidédly lacking in potash and, 
as a general rule, also in the antiacid constituents, lime and 
magnesia, x 

The Davao soils, on the contrary, due perhaps to their relative- 
ly fow years under crop and also to the constant plowing, cul- 
tivation, and often plant rotation to which they have been 
subjected, still compare very favorably, with few exceptions, with 
the standards laid down for fertile, well-balanced poils. It was 
found practically impossible to secure exact data regarding the 
number of years during which the various fields, from which 
the soil samples were taken, in the Bicol area, had been pro- 
ducing abacá crops. With few exceptions probably most of the 
fields have been producing for twenty years or longer; that 
some have been producing for over fifty years could be au- 
thenticated. 

Where two samples of soils were collectod from Ще same дн 
trict, the effort was always made to secure them from widely 
separated localities or from localities the soil characteristics and 
topography of which were very different. In the Manito dis- 
trict sample 40 was taken from the west, No, 193 from the ` 
east side of the peninsula. In the Juban district both samples 
were from very old plantations, No. 78 from rolling to hilly land 
and No. 74 from а field located noar Cadacan River. Sample 
128 came from the south side of the Ligao-Tabaco Road, in the 
Bantayan district, and Хо. 124 was taken on the north side 
well up on the rolling hillsides, not far from Mount Masaraga. 
The Bacacay district is separated by the Malilipot-Libog Road 
into two distinct sections topographically. Sample 164 was se- 
cured well up on the side hills of Mayon Volcano, and No. 171 
came from one of the old plantations near the town of Bacacay, 
Whore the land is flat and the soil very different from that of 
the hillsides above. 

It was pointed out above that the abacá plant needs an abun- 
dant supply of lime to counteract undue вой acidity and to fur- 
nish the necessary supply of lime used by the plant, as one of the 
essential constituents of the binding material of the cells to form 
both iàdividual fiber cloments and also to bind these elements 
together into fiber bundles. Attention was also called to the 
fact that the soil samples collected in the older fields were gen- 


TABLE S—Chomiral analyses ој soils of the Bicol provinces of Camarines Norte, Camarines Sur, Ата 
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erally found abnormally acid in reaction, despite the fact that 
precautions were taken to collect the samples where no ferment- 
ing waste was present, Where fiber harvesting has been going 
9n and the ground is covered with a layer of fermenting араса 
waste the acid conditions mast be acute, and the dissolving ac- 
tion of the rains would take these acid solutions directly to the 
abacá roots before they could be neutralized by the small quan-* 
tities of lime and magnesia generally present. In such case the 
acids would be absorbed by the roots, and taken up and dis- 
tributed as such, or in some modified form, to various parts 
of the plant, including the fibers. It has long been recognized 
by fiber chemists that all acids, except the very woakest, have 
а weakening and deleterious effect on the binding substance of 
all fibers of the class that includes abaea. If these two assertions 
are correct then we should find an excess of acidity in the fibers 
coming from acid soils, and their tensile strength would also 
be less than that of fibers from normal soils, Experiments to 
show the average acidity and tensile strength of the collected 
fibers of the Bicol provinces compared with those of the Davao 
district were carried out as follows: 

All fibers used in these experiments were dried quickly to pre- 
vent growth of molds and bacteria, The tensile strength, or 
breaking point, of the fibers was determined by testing accurate- 
ly weighed fiber bundles exactly a half meter long in а Louis 
Schopper fiber-testing machine and measuilmg their breaking 
point in kilograms. In this way the tensile strength in КПо- 
grams per gram per meter of брег was accurately determined; 
from ten to twenty tests on each sample of fiber were made and 
the average was taken, 

The acidity of each sample of fibers was determined by using 
the same fiber that had been broken in the tensile-strength tests 
and adding to it enough fiber from the same abscá sample 
to make the weight 10 grams. These were cut into half-inch 
pieces, put in а 750 enbie centimeter round-bottomed flask, and 
heated on а water bath one hour with 500 cubic centimeters of 
distilled water, under frequent shaking. At the end of the hour 
ag much of the solution as possible was poured off into an Erl- 
enmeyer flask and the solution titrated with 0.1 А sodium hy- 
droxide (NaOH), using phenolphthalem as indicator and 
litratihg to a faint pink color on shaking. Many modifications 
were 4934 to make the experiment more accurate; but, as reta- 
tive rather than absolute total amounts of free and soluble 
acids were desired, the figures given in Table 7 ave correct 
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within 0.1 or 0.2 cubic centimeter, and aro those found by the 
described method, and indicate the cubic centimeter of 0.1 М 
sodium hydroxide (NaOH) used to neutralize 10 grams of fiber. 
Tt js to ће noted that the average acidity for six samples of fiber, 
collected on one plantation where the abacá was grown between 
rows of large coco trees and where the soil was found to be acid 
and deficient in both lime and potash, was over 1 cubic centi- 
“meter. Were these six not counted the average acidity for the 
Davao arca would be 0.57 cubic centimeter instead of 0.64 cubic 
centimeter. Were a selection made of the samples of fiber 
grown only on acid soils low in lime, potash, and phosphates and 
their figures compared with those of fibers from normal soils 
the differences would be more marked, but even as given the 
differences in both tensile strength and acidity are sufficient to 
indicate а serious disturbance to normal abacá growth in poor 
soil and to give a working hypothesis as to its cause. 


Taste 7—Samploa of fiber. 
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CHEMICAL CHARACTERISTICS OF WEAK FIBER * 


There is also another phase to this excess soil acidity and lack 
of mineral foods that merits serious consideration. The analy- 
ses of various abacá ashes, given elsewhere in this paper, show 
the high average alumina content of from 5 to 7 per cont. It 
has been shown by plant pathologists that an excess of alumina 
in plant tissues indicates an unhealthy condition of the plant, so 
that the substitution of alumina for other minerals, such as lime 
ог potash, becomes а question of necessity and net one of choice. 
In the study and comparison of weak and strong fibers it was 
also noticed early that strong fiber was characterized by its 
resistance to the dissolving or disintegrating action of hot water, 
in comparison with weak fiber, which has a relatively high per- 

„centage of water-soluble substance. ў D 
“Weak in the sense that (he fiber came from a sreakfibered variety 
of прасі, but not weakened through fermentation or mold action, 


+ 


за Sherman: Abacd-soit Conditions iT 


CHEMICAL DIFFERENCI 


S BETWEEN STRONG AND WEAK FIBERS 
DIFFERENCES IN ASH COMPOSITION 


"Two samples of fiber from neighboring localities were se- 
lected, each of Good to Fair cleaning, No. 765 coming from а 
weak variety of abacd and No. 179 from a strong, standard 


|», fiber. Fifteen grams of each were carefully weighed, cut into. 
short pieces, and incinerated at a low heat in а mufe furnace, - 


as previously dcseribed. When the ashes had assumed a per- 
manent color they were removed from the furnace, cooled in a 
desiccator, and weighed. The weights and chemical analyses 
are given in Table 8. 5 


Тавар 8—Weights and chemical awalyres of ash from two samples of 
ubaci. 
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DIFFERENCES IN ORGANIC MATTER SOLUBLE IN WATER 


One hundred grams of each fiber were cut into fine pieces, 
and extracted with 1,000 cubie centimeters’ of warm distilled 
water for twenty-four hours. ‘The extract was filtered off from 
each and used for the following determinations: 

Acidity.—An aliquot part of each extract was titrated with 
0.1 У sodium hydroxide (NaOH) to a faint pink color with 
phenolphthalein an indicator. Total acidity for 10 grams of fi- 
ber, measured in terms of 0.1 N sodium hydroxide (NaOH), 
was 3 cubie centimeters for No. 765 and 2 cubic centimeters for 
No. 718. 

Neutral and basic lead acetate precipitates.—It was found that, 
by means of a mixture of neutral and basic lead acetate, water- 
soluble constituents of abacá fibers could be precipitated, washed, 
and thus purieT for further study. Aliquot parts of the two 
extracts were accordingly precipitated with a slight excess of 
a mixture of neutral and basic lead acetate solution and the light- 
colored, voluminous precipitates filtered and then washed until 
the wash water was free from lead acetate, The precipitates’ 
were then suspended in distilled water, the lead precipitated 
by hydrogen sulphide as lead sulphide and filtered off, and washed 

pO 
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with distilled water unti the filtrate was no longer acid to lit- 
mus. The united filtrates were then evaporated, first on the 
water bath and later in a vacuum desiccator to constant weight 


and weighed. + К 
не, 143. No. то. 
Weight of residue, grams 14938 0.3082 
Residue, por cent 176 0.0 


Qualitative examinations of the hot-water extracts of strong 
and weak fibeys have ко far shown them to consist of varying 
quantities of higher organic and presumably fatty acids, both 
free and combined as salts with alumina, lime, iron, and potash. 
Та the residue from weak fibers aluminum was found to pre- 
dominate largely over the other bases, while in the residue from 
strong fiber calcium and potash were in excess. 


SUMMARY 


For the most part, present conditions in the abacá areas of the 
Islands are of long standing rather than new or novel. We are 
thus reaping the results of the omissions and commissions of 
the abacá growers for the past fifty years, and these have been 
brought into prominence on account of the scientific develop- 
ments of most of the other branches of the industry, after fiber 
has been produced, 

‘The production of abacá fiber is unique by the fact that the 
soil is made to ргойисе the same crop for an indefinite period 
without either plowing or cultivation being practiced (except in 
one district) or fertilization attempted beyond the addition to 
the soil of large quantities of abaci waste left to ferment in 
the fields after the fiber harvest. 

The results of this practice are: On the soil, а steady and 
heavy exhaustion of the necessary plant-food minerals and а 
consequent permanent acid condition; on the plant, a lack of 
essential mineral salts on which the plant depends for proper 
growth and development and for the maintenance of normal 
resistance to disease. This is indicated by the low average.yield 
per hectare of the older abacá districts; on tho fiber, both an 
excess acidity that always prodaces short durability and an en- 
forced substitution of necessary salts by inferior ones resulting 
in a loss of tensile strength. ў 

The benefits of the modern practices of abacá гоц бал in 
the Davao district are shown by the relatively better cptdition 
of the soil, the increased yield of fiber per hectare, and the 
uniformly pigh quality of the fiber, 


ILLUSTRATIONS 
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Fics. 81 to 80, Upper row. Ashes from the fiber of cight varieties of 
. abacá; Good to Fair cleaning, growing in the Masaraveg 
section of the Guinobatan district, Albay Province, Lu- + 
ол. Showing somewhat lose conformity of colors and 
amounts with one another 
2 to 10, First section of lower row. Ashes from the fiber of va- 
rictics of abaei furnishing the commercial fiber from 
tho Daet district, Camarines Norte, Lugom; all fiber 
cleaned to Excellent grado. No. 2, variety Antiguo, 
mature; No. 3, variety Samoro, mature; and No. 10, va- 
riety Alinsanay, mature, were growing in the same field 
within short distances of each other. То show the effect 
of age on the color of the ash compare No. 3, Samoro 
mature, with No, 4 Samoro immature, and No. 7, St- 
moro overmature. Number 2 and No. 8 are both An- 
igo mature, Бо from different, localities; Nos. 8 and 
9 are Samoro mature, but from different localities. 
30 to 33. Ashes from the fiber of four varieties of шаса growing 
together in the Buhi district, Camarines Sur, Luzon; 
` named, respectively, Samokid, Samorong itom, Samorong 
pula, and Salampago; cleaning grade, Coarse. 


Phare 2 ^ 


Fics. 95 to 104. Ashes from fiber of four удцейев of abücá, Fair to 
Coarse cleaning, from another section of tho Gui- 
mobatan district, Albay. 

108 and 113. Ashes from fiber of two varieties of пЬаса, Amokid and 
Нага, Fair to Coarse cleaning; from the Banta; 
district, Albay, south of tho Ligao-Tabaco Road, 

117 and 121. Ashes from two varieties of abaci, Amokid and Puti, 
Pair to Coarse cleaning; from the northern end of 
the Bantayan district, Albay. 

125 and 168. Ashes from fibers of two varieties of абасі from the 

Goa-Lagonoy district, Camarines Sur; fiber of No. 
„ 148, Coarse cleaning, 

to 168. ‘Ashes from fibers of ађаса from the Tiwi-Horovan dis- 

trict, Albay; Fair to Coarse eleaning. 

176 to 180. Ashes from fibers of three varieties of abacá from the 

Putíao district, Albay; Fair to Coarse elcautng. 
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THE TENSILE STRENGTH ОЕ АВАСА FIBERS IN 
RELATION TO THEIR ACIDITY 


By P.L. бивкмах 
„Чаде Institute Вей, Burean of Science, Manila. 


за CULLARORATION WITH 


JMaxrnzr Имп SHERNAN . 
ој the Bureun of Science, Маніш 


It is not generally known that there are certain organic acids 
that occur naturally in ubacá fibers. No work that we have 
been able to locate has been reported in the scientific literature 
dealing with these acids. 

This paper is а report of the experiments performed at the 
Bureau of Science, Manila, in the attempt to discover: (1). 
What relationship exists between the tensile strength of а sam- 
abaca fiber and the amount of acid present; (2) whether 
any mathematical connection between speed and amount 
5 of tensile strength of an abacá-fiber sample during storage 
and its acid content. 


RELATIONSHIP BETWEEN TENSILE STRENGTH AND ACID CONTENT 


In order to determine bow much variation in moisture exists 
when abaeá fibers of various cleaning grades аге subjected to 
the fluctuations in humidity found in the laboratory, five sam- 
ples of different grades of cleaning were taken from the аБаей 
storage room, where they had been hanging for months, put 
im а desiccator and immediately weighed. The абасі storage 
room із а closed dark room that contains several large open 
pans of anhydrous caicium chloride. The calcium chloride is 
renewed cach week. This storage room was prepared in the 
manner described, not with the intention of keeping the аһаей 
samples bone dry, but merely with the expectation of avoiding 
апу excess of moisture in the fibers during storage. 

Тае five samples of nbacá used in this experiment, after be- 
med, were placed in Petri dishes in а laboratory where 
lows were left open day and night. The samples were’ 
left exposed for seventeen days, and were weighed once or twice 

en 


Tame 1—Weight in grams ој абаса samples in ај open laboratory, November, 1927, 
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а day to ascertain the changes in moisture content. Table 1 
shows the fluctuations in weight. 

After seventeen days the samples were put in an electric 
drying oven at 105° C., and dried to constant weight. Calcu- 
‘tations made оп the weights obtained show that the percentage 
of moisture in the samples varied according to the figures given 
in Table 2. " 


Тавис 2.—Percentage of moisture ёп abucá samples. 
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The resulis indicated prove that there is only a relatively 
small variation in the percentage of moisture present in abacá 
samples exposed to the air for seventeen days. The difference . 
in percentage between the minimum and the maximum water 
content was only around 3 per cont, except in the case.of the 
fiber of grade F. A careful examination of Table 1 shows that 
the fluctuations in water content are slow and gradual changes, 
and that the maximum water content of the fibers occurred only 
after thirty hours of continuous таја. We were unable to obtain 
а moisture-conditioning room which would have ensured а de- 
finite and exact control of the water content of the abacá sam- 
ples. We adopted, for all of the experiments described in this 
paper, the method used by the Fiber Standardization Board of 
the Philippine Islands, and we believe it gave only a small per- 
centage of error. The following method was the one employed: 

АМ abacá samples were kept in the dark semidry room pre- 
viously described, until ready for use. The sample selected for 
experimentation was exposed in the laboratory for only six hours, 
if tho day was rainy, and for twenty-four hours under ordinary 
мев: conditions. Drawing our conclusions from the figures 
in Table, 1, we believe the variation in moisture content of the’ 
samples used did not exceed 1 per cent, and the consistent and 
uniform results obtained seem to confirm this belief. 
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In order to determine what difference in tensile strength might 
be expected with a variation of moisture content of 1 per cent, 
the following experiment was devised: 

Forty bundles of fibers were selected from the same sumple,, 
and prepared for tensile-strength determinations according to` 
methods adopted by the Fiber Standardization Board. Twenty 
ber bundles were placed over an open dish of water, without 
being allowed to come in contact with it, and left for twelve 
hours. The tansile strength was determined on ten of the fi- 
bers by the method described later, and the moisture content was 
determined on the remaining ten fibers. The tensile strength 
was 53.87 kilograms, calculated on the basis of the breaking 
force required on a gram of fiber weight, which was a meter 
in length, and the average moisture content was 9.9 per cent, 

The remaining twenty fiber bundles were put in an electric 
drying oven at 103° C. for two hours. Half of these fibers were 
used for tensile-strength determinations, and the other half for 
moisture determinations, The average tensile strength was 
58.08 kilograms рег gram of fiber weight per meter of length. 
"The average moisture content of these fibers was 0.89 per cent. 
There was a change of 4.19 kilograms im tensile strongth for 
9.08 per cent loss of moisture, or about 0.45 kilogram change 
in tensile strength for 1 per cent of moisture. 

"The figures for tensile strength and percentage of elasticity 
given in this repot were determined in a 50-kilogram Louis 
Schopper tensile-strength machine. The figures given for each 
sample are the average of from ten to twenty determinations 
made on each sample. The fibers for the separate determina- 
tions were selected from different parts of the sample, accord- 
ing to а definite method, adopted by the Fiber Standardization 
Board as giving uniform results. The tensile-strength numbers 
in the tables of this report are the average of at least ten 
determinations and were obtained by calculation from the ас- 
tual figures obtained in the Louis Schopper machine, and they 
represent the number of kilograms necessary, to break, fiber 
weighing 1 gram and measuring a meter in length, 

The elasticity numbers show the average percentage of stretch, 
when fiber bundles 20 centimeters long were used. i 

‘The acidity numbers were determined in the following зе 
Approximately 10 grams of abaed fiber were selected ПИ dif- 

“ferent parts of the sample, and exactly 10 grams word іней 
out. The weighed sample was cut finely, placed in an Erlen- 
meyer flagk with 500 cubic centimeters of distilled water, and 
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heated one hour on the steam bath. The liquid was poured from 
the fiber, and the total acid content of the decanted liquid and 
washings was determined by titration with 0.1 N sodium hydrox- 
ide (NaOH), using phenolphthalein as indicator. Additional 
“tests made on the fiber residue proved that very little acid 
remained. We are using these acid figures, however, as indicat- 
ing the relative acid content of the abacá samples examined, 
rather than the total acidity. 

After making many determinations, we notived a striking 
relationship between the tensile strength and elasticity, and the 
relative acid content of а given abací sample. Аз the tensile 
strength and elasticity decrease, the relative acid content in- 
creases, 

While we would not attempt at this stage of the investigation 
to state that the acidity of an abacå sample is a determining or 
causative factor of its tensile strength, our tables show a sur- 
prisingly uniform parallelism between the tensile strengths and 
the relative acid content. 

In order to make our comparisons more easily seen, we have 
classified all the samples into three groups; namely, the samples 
with tensile strengths of from 50 to 59 kilograms, inclusive; 
the samples with tensile strengths of 40 to 49 kilograms, inclu- 
sive, and the samples with tensile strengths below 40 kilograms. 

There were too few samples with tensile strengths above 
60 kilograms to make a fair basis of comparison, so these figures 
were not, included, 

Eighty-two abacá samples (Table 3) showed an average tensile 
strength of 54.87 kilograms; ап average percentage of elasticity 
of 2.50; and an average acidity of 0.89 cubic centimeter in terms 
of 0. № sodium hydroxide (NaOH). 

Seventy-eight abaeá samples (Table 4) showed an average 
tensile strength of 44.0 kilograms; an average percentage of 
clasticity of 2.37; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOH) of 1.31 cubic centimeters, 

Thirty-three ‘abacd samples (Table 5) showed an average ten- 
sile strength of 35.45 kilograms; an average percentage of clas- 
ticity of 2.11; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOH) of 1.78 cubic centimeters. 

To, an average decrease in tensile strength of approximately 
10 kiiiezams, there is also а decrease in percentage of elasticity 
of (тот" 0.13 to 026; and an increase of acidity of 0.42 cubic 
centimeters in terms of 0.1 N sodium hydroxide (NaOH). 
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Тави S—Fiber samplos having tensile strength ој 50 to 59 kilograms, 


with their corresponding acidity. 
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Таше 3.—Fiher samples having tensile strength of 50 to 59 kilograms, 
with their corresponding acidity—Continucd. 
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TaBLe 4—Fiber samples huving teusilo strength ој 40 to 49 kilograms, 


swith their correspouding acidity. 
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TABLE 4—-Fiber samples having tensile strength of 40 to 49 kilograms, 
with their corresponding acidity— Continued. 
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TAmLE 5—Fiber samples having tensile strength ој below 40 kilograms 
sith their corresponding acidity. 
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HABLE 5 Fiber samples having tensile strength of below 40 kilograma 


with their corresponding acidity Continued. 
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THE RELATION BETWEEN TENSILE STRENGTH AND ACID CONTENT 
FOR CANTON FIBERS 


Canton fibers*are obtained from hybrid plants and аге ap- 
parently crosses between abacé and banana. 

The five Canton fiber samples that are included in Table З 
have an average tensile strength of 54.3 kilograms; an average 
percentage of elasticity of 2.40; and an average acidity in terms 
of 0.1 М sodium hydroxide (NaOH) of 0.64 cubic centimeters. 

fhirte&n Canton fiber samples (Table 4) show an average 
tensile strength of 44.2 kilograms; an average percentage of 
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elasticity of 2.35; and an acid content іп terms of 0.1 N sodium 
hydroxide (NaOH) of 1.43 cubic centimeters, 

Thirty-one Canton fiber samples (Table 5) show ди average 
tensile strength of 30 kilograms; an average percentage of elas-, 
ticity of 1.87; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOH) of 2.96 cubic centimeters 

In the case of Canton fibers there is also an increase of acid 
content as the tensile strength decreases, but it із not so umi 
form as in the case of abacá. Only а few Canton fibers are 
represented in Tables 3 and 4, so that these results are to be 
expected. 

Nearly ай Canton fibers have a tensile strength below 40 
kilograms; they are included in this article because the average 
figures for Canton fibers as found in Table 5 are of value аз 
supporting evidence in distinguishing between truc abacá fibers 
and Canton fibers, in case of dispute in fiber identification. 

The average figures for the Canton fiber samples (Table 5) 
are not in themselves to be taken as conclusive proof of identity, 
since some abacá samples show the same figures; but these num- 
bers are often very useful in confirming other, more-iniportant 
tests that have indicated that the fiber under investigation is 
probably a Canton fiber. 


RATE OF LOSS OF TENSILE STRENGTII DURING STORAGE AND THE 
ACID CONTENT 


An experiment was undertaken to show whether or not а ma- 
thematical relationship exists between the speed and the amount 
of loss of tensile strength in absed fibers during storage and the 
acid content. The fibers used for this experiment were kept 
six months or longer in the dark, semidry storage room de- 
seribed above, The moisture content of the fibers in this room 
ranged from 9 to 11 per cent. The tensile strengths were de- 
termined twice on the same sample after an interval of storage 
of six months ог longer. Ап acid determination was also made 
on the same sample usually at the end of the period of storage. 
Our results, doubtless, would have been more valuable had we 
made several acid determinations on each sample at intervals 
doring'the period of storage. At the boginning of this research 
work, however, we did not foresee the relationship between ten- 
sile strength and acidity. At present, we have no way of know- 
ing whether the acid content of a given sample varied or not 
during the period of storage. It is conceivable that some of 
the fibers that showed the greatest loss of tensile strength 
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but which, at the time of titration, had а low acid content may 
have had а high quantity of acid at the beginning of storage. 
These acids may have dissolved, or chemically changed the bind- 
ing material of the middle lamella of the abacá during storage, 
“thas lowering the tensile strength of the fiber. During this pro- 
cess the acids themselves may have been used up, so that only 
а small amount of acid was left in the perished fiber. 

It is also possible that deterioration of abacá may have beer ' 
caused more Бу the nature of the acids present than by their 
quantity, Certain acids are formed during bacterial fermen- 
tation, and it is possible that smal quantities of the acid pro- 
ducts of fermentation may have a more deleterious'eífect on 
abacá than larger amounts of those organic acids that are nor- 
mally present. We wish to emphasize, at this point, that the 
greater part of the samples tested were not commercial samples, 
but were gathered personally in the field, and were stripped and 
dried under conditions that would make fermentation impos- 
sible. 

Drawing our conclusions from the data now at hand, we have 
not found that any regular mathematical relationship exists 
between the rate of loss of tensile strength during storage and 
the amount of acid present, In no case, however, did we find 
араса with an unduly high acid content, but that the fiber either 
already had а low tensile strength, or else it showed а much 
lowered tensile strength after long storage, 


SUMMARY 


1. The natural acid content of abac: 
low tensile strengths, 

2. As the tensile strengths of abacá samples decrease about 
10 kilograms per gram of weight per meter of length, the nat- 
ural acidity of the fiber increases about 0.42 cuble centimeter 
for each 10 grams. The acidity is measured in terms of 0.1 
N sodium hydroxide (NaOH) using phenolphthalein as an 
indicator. |, 

3. The natural acid content is slso higher for Canton fbers 
‘with а low tensile strength, but the mathematical relationship 
between the tensile strength and the acid content is less definite 
for these hybrids than it is for true ађасӣ, 

4. Loss of tensile strength in abacá during storage is affected 
by the a¢id content, but аз yet no definite mathematical rela-" 
tionship ‘between the rate of loss of tensile strength and the 
acid content has been discovered. 
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Тама 7.—Loss of tensile strength during storage, with corresponding acid- 
чн of абаей simpler, 
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' FERMENTATION AS AFFECTING THE QUALITY ОР 
PHILIPPINE АВАСА 


By Тапирар BARUDLOS 
Assistant Bacteriotopist, Zurcew of Science, Manila 


and 


P. L. SHERMAN 5 
Cordage Institute Fellow, Bureau ој Science, Mania 


ONE FLATE 


INTRODUCTION 


According to the nomenclature adopted by the United States 
Department of Agriculture "Philippine abaci" designates the 
fiber produced from the plant Musi textilis Née and differen- 
tiates it from the other twenty and more fibers known commer- 
cially as hemp, which are grown in various parts of the world, 
In as much as the fiber of Musa teztiis is now produced in 
Borneo, Java, and Sumatra somewhat extensively the prefix 
“Philippine” designates the fiber produced only in the Philippine 
Islands. 

The word “ађаса 


the southern Philippines. 

Abacá is indigenous to the Philippines. That it is endemic 
and that the production of the fiber has been a monopoly up 
to the present arg certain. The million and more bales of com. 
mercial fiber annually exported from the Islands are produced 
from many varieties of this one species of Musa as well as from 
apparently other more or less closely allied species, whose rela- 
tionship to the true араса is yet to be determined. 

As a sesult of business stagnation following the World War 
many thousand bales of abac fiber were stored in Manila and 
provincial warehouses for periods varying from a few months 
„а 
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to more than two years. When this fiber was exported con- 
siderable quantities were found on arrival to be more or less 
deteriorated in both color and tensile strength, and consequently 
it brought into prominence as never before the problem of quality 
deterioration. Preliminary investigations of the commer 
methods of fiber production and storage begun some three years 
ago indicated that most of the fiber deterioration started during 
. the period of its production in the provinces and was augmented 
and completed afterwards by storage in warehouses and ships. 

Investigations in the laboratory, following those made in the 
field, showed that this quality deterioration could often be 
measured chemically and that this measurement will give val- 
vable information as to the kind and amount that has taken 
place even before И із evinced through lowering of tensile 
strength and while an acceptable color of the fiber is stili present. 

The causes and the results of fiber deterioration are many and 
varied; some are accidental, while others are fundamental de- 
fects of the present system of production, but among the latter 
not one has caused the damage that can be legitimately as- 
стей to the lack of systematic and complete drying of the 
freshly stripped fiber; and, in order that the work described 
below may be the better understond, the essential steps in the 
commercial production of абаса fiber and the far-reaching ге- 
sults following the same are here briefly reeapitulated. 

To secure the maximum amount of fiber with the minimum 
expenditure of labor and time, the outside layer only of cach 
of the long, fleshy loaf stems (which overlapping, form the stalk, 
or trunk, of the abacá plant) із pulled off from the underlying 
pulpy portion, This outside fibrous layer, in strips of varying 
width and thickness and comprising some 15 per cent of the 
weight of the entire trunk, is known as "tuxie" and its removal 
is the first step in the production of the true fiber whieh appears 
when the tuxies are in turn passed under а stripping knife 
to remove pulp, juice, outside skin, and short, weak fiber. The 
completeness of this process of cleaning the брег is determined 
by the kind of knife used as well as by the pressure exerted 
by it on the taxie strip, H {һе knife blade is sharp and the 
pressure sufficient, only fiber of excellent cleaning results. In- 
sufficient pressure or a knife blade that is either dull or even 
serrated permits the production of ай other grades even to the 
coarsest. strips, 

‘The fresh fiber as it comes from the stripping Knife is so 
saturated with plant juices that even hand pressure is suffi- 
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cient to expel them, and all of the chemical constituents that 
they contain consequently dry into the fiber during the drying 
process that follows. This drying process, as will be shown 
later, is of the utmost importance to the future. strength and 
“durability of the fiber, yet no drying sheds are ever provided, 
and the fiber being dried in the open is subjected to all the 
situdes of a tropical wet climate and (Ве drying consequently 
requires anywhere from two hours to (wo weeks, + 

The freshly stripped fiber is bright in luster, high in color, 
very elastic, and somewhat weak. Quick and thorough drying 
accomplishes the triple purpose of making permanent the lus- 
ter; of keeping the color from darkening, except very slowly; and 
of hardening and toughening the fiber strands, together with 
the more or less pulpy substances surrounding them, and there- 
by reducing the elasticity to normal. The fiber, promptly and 
and well dried, is then in its best possible physical condition 
to perform its alloted commercial functions, which are to main- 
tain its tensile strength, color, and resistance to wear for a 
reasonably long time, 

Abacá fiber, as has been shown, is vegetable in its origin 
and chemically is composed to a very large extent of cellulose, 
in and with whieh is bound up a rather large number of chemical 
substances, both organic and inorganic, that in their entirety 
constitute the true fiber body, and through their varying amounts 
and combinations give rise to the many grades now recognized 
commercially. To determine how, when, and why abacá über 
became weak and discolored—that is, became damaged and per- 
ished, was the object of this investigation 


EXPERIMENTAL, 


On visiting the warehouses where large quantities of fresh 
ађаса fiber were being received and classified daily it was ob- 
vious that the deterioration evidenced by some of the fiber had 
taken, place in the provinces where the fiber was produced. On 
visiting the provinces and studying the methods of fiber pro- 
duction it was equally certain that damaged fiber was also coming 
into the provincial warehouses accompanying the strong fiber 
in varying amounts and showing different degrees of deteriora- 
tion. Allowing for the relatively short time factor involved the 
damage ууаѕ apparently caused by either chemicals or fermen- 
tation, and in as much as all damaged fiber was less valuable 
than undamaged fiber it seemed only reasonable to scribe the 
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deterioration to nothing deliberately brought about by anyone 
but to incidental commercial conditions of fiber production as 
practiced, hence the use of chemicals was impossible, and there- 
fore the preseace and agency of active ferments in causing fiber 
deterioration became a working hypothesis. 

A study of the fiber-stripping process as carried out in the 
abaca districts shows that some 85 per cent of the abaca plant, 
felled for stripping, after the fibrous layers, or tuxies, have been 
removed, is hft on the ground around the growing and im- 
mature plants, where it promptly ferments and decays, and in 
the course of a few months is again absorbed by the soil as new 
plant 1004. Therefore, the growing planis are always sur- 
rounded by fermenting material and to demonstrate the pres- 
ence of the active agents of fermentation, their method of 
action, and the results brought about by them was the next 
step. 

The reduction of vegetable matter containing, as in the case 
of ађаса, cellulose, carbohydrates, proteins, woody matter, and 
inorganic salts, to available plant food is chiefly brought about 
фу the microörganisms called bacteria, often assisted by fungi, 
commonly known as mold. The differences between the bac- 
teria and the fungi, both causing deterioration and decay, are 
many and well marked. The fungi, generally speaking, are 
plantlike in structure, being supported on appendages resembling 
roots, and reproducing by means of spores very rapidly, though 
their growth and multiplication ave measured by days rather 
than by hours and minutes. Bacteria, on the other hand, are 
а much simpler form of vegetable life, in that they have no 
rootlike supports, many kinds in fact are even motile and re- 
produce by division, each new entity redividing as often as once 
every ten or fifteen minutes under favorable conditions, such as 
are furnished by the pulpy residual trunks from which the fiber 
layers are stripped and even by the freshly stripped, juice- 
saturated fibers themselves. 

So fast working and complete is this bacterial action in all 
countries producing hard fibers, to which the many varieties of 
hemp belong, that it is made use of to free the fiber bundles from 
the pulpy, cellular matter surrounding them. In the Philippines 
the entire 5151 and maguey fiber crop is produced by this fer- 
mentive process, or “retting” as it is called, the vital points of 
which are the following: P 

Great сате im allowing the process to progress only far enough to 
soften and disintegrate the extraneovs vegetable matter without acting 
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on the fibers themselves, for though the fiber is quite resistant and the 
Jast to soften and disintegrate, it will do so eventually. 

Careful cleaning and washing of the retted fibors to freo them of the 
still clinging cellular matter und espocialiy to eliminate the acids formed 
through fermentive action, as these acids are recognized everywhere as 
“the great destroyer of all Kinds of vegetable fiber, 

Careful thorough drying of the retted fiber after the washing is come 
pleted in order to kill all bacterial and other microdrganisms stil cing. 
ing in countless numbers (о the wet fiber. Long and costly experience 
has shown that this is the cheapest and Бе way of ensuring long life and. 
durability to the теней fiber. 


Та аз much as the commercial methods of abacá production 
ав now practiced made it not oniy possible but very-probable 
that the above facts had a direct bearing оп the сайзаНоп and 
control of weak fiber, the relatively slower-acting and more- 
localized fungi were left for later investigations and attention 
was concentrated on the bacteria, the results of whose шаг. 
velous activity were in evidence everywhere in the abacá fields, 


THE PRESENCE, THE CHARACTERISTICS, AND THE EFFECTS ОР BAC- 
ТЕМА CAUSING АВАСА FERMENTATION 


COMPARATIVE BACTERIAL, COUNTS FROM THE YOUNG LEAF, THE OLD LEAP, AND 
THE DRY ЕТЕШ ОР АВАСА. 


‘Twenty-four abacá plants, divided into two sets of twelve 
fach, were used for experimentation. The two sets were located 
some distance apart, so that the local conditions of each would 
be different, 

Round pieces, about 8 millimeters in diameter, of the young 
leaf, the old leaf, and the dry stem were punched out by means 
of а sterile cork borer and well washed in equal amounts (about 
10 cubic centimeters) of sterile water, from which 05 eubie 
centimeter was planted on plain agar for colony count, The 
reading was made after forty-eight hours with the results re. 
corded in Table 1. 

The experiment shows in a more ог less uniform manner that 
bacteria exist і innumerable amount in the dry stem and that 
more bacteria are found in the young icaf than in the old leat, 
Expressing the result graphically we have— 

Dry stem > Young leaf > Old leaf >. 


„Тһе Меј stems referred to in these experiments wore those that are * 
Mes Ia Vd clinging to the ovtside of the trunk after the leat iets 
has died and fallen. When the plant is cut down for stripping the dried 
Portion is discarded, 
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Tanta Bacterial colonies on yorng Ісаў, old ісаў, and dry stem of abuei. 
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IDENTIFICATION OF THE BACTERIAL FLORA FOUND ON THE CROWING PLANT 


Experiments to isolate and identify the different kinds of 
bacteria growing on plain agar were made as follows: 

From the fermentation tubes containing pieces of the young 
leaf, old leaf, and dry stem, after twenty-four hours incubation, а 
loopful was taken and planted on plain agar plate. ‘The latter 
was incubated for forty-eight hours. At the end of that time, 
different looking colonies were fished out and planted on plain 
agar slant. The identification of the different bacteria was 
worked out by their morphology, staining characteristics, sugar 
reactions, and other biological characteristics. The unidentified 
bacteria were classified according to Bergey's Manual of Deter- 
minative Bacteriology. 

The following bacteria isolated were readily identified: 

Staphytococeun axrens—Coceus in graplike clusters producing а gold- 
en-yellow growth on agar. 

Staphylococcus  citreus.--Coccus in grapelike clusters producing а 
Tighter lemon-yellow growth on agat. 

. — Staphiylocorens atbvs—Coveus in grapelike cluster arrangement pro- 
ducing з white growth. The staphylococei are non-gas producers but 
attack carbohydvates forming acid in dextrose, lactose, and saecharose. 

Bacillus prodigiosus—Motile rod-shaped bacillus producing a red pig- 
ment ол agar. It produces а small amount of carbon dioxide (CO;) gas in 
dextrose broth. 
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There were other chromogenic bacilli isolated which needed 
further tests for their identification, All of them belong to the 
genus Flavebacterium, possessing feeble power of attacking car- 
bohydrates. Some of them present sugar reactions identical with 
the pineapple brown rot. (See Table 2.) 

‚ АЙ the bacteria mentioned in Table 2 belong to the олив 
Flevobacterium, defined as rod-shaped bacteria of medium size 
hout endospores forming a yellow to orange pigment оп col- ^ 
ture media. Characterized by feeble powers of attacking car- 
bohydrates, occasionally forming acid from dextrose but no gas. 
Моше or попто е and generally Gram negative. Г-ОЈ, and 
HI-YL, have the same sugar reactions, identical with those of 
the pineapple brown rot. 

There were also nonchromogenic and nonspore-produeing bac- 
teria found in the young and the old ieaves and the dry stem of 
abacá. Васка lactis aerogenes, a powerful gas-producing bac- 
terium, was the principal one; it was numerous especially in the 
dry stem and the young leaf. (Зее Table 3.) 

The first act, IV-DS,, has practically the same biological char- 
acteristics as В. dysenteriae Shiga except that it docs not agglu- 
tinate with antidysenterie serum and the growth on agar is more 
abundant than that of B. dysenteriae. It should, therefore, be- 
long to the genus Eberthetla, the members of which are motile 
ог nonmotile, Gram-negative rods growing well on artificial 
media, attacking a number of carbohydrates; acid being formed 
in dextrose but no gas, and do not form acetyl methyl carbino). 

The second set, I-DS,, is a Gram-negative rod growing well 
on artificial media, attacking many carbohydrates, forming acid 
and gas in dextrose, and producing acetyl methyl carbinol The 
sugar reaction and other biological characteristics exactly сот- 
respond to those of В. lactis aerogenes. 

The third set, 1-05„ is similar to the preceding in its biolo- 
sical characteristics except that it produces acid and gas in 
duleite and the growth on agar is scanty. It therefore belongs 
with the preceding to the genus Aerobacter, 

The last set, lI-DS,, is а Gram-negative rod, very motile, 
does not form acetyl methyl earbinol, and does not ferment any 
of the carbohydrates. It apparently belongs to the genus Al. 
caligenes ard is possibly identical with B. aleatigenes bronchiscp- 
tieus, which does not reduce nitrates and does not liquefy gelatin, 


Tante 2.—Chromogenie bacteria on the young leaves, the old leaves, and the dry skin (genus Flavobactorium). 
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Nonekromagenic end nousporesproducing bacteria fonnd in the young leaves, the old caes, and the dry stem 
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Spore-bearing bacteria belonging to the subtilis group were 
also present. They are especially numerous jn the dry stem and 
the old leaf. They do not produce acid or gas. 

GAS-PRODUCING BACTERIA AND тныя DISTRIBUTION ON THE GROWN 

Taking advantage of the well-known characteristic of Bacil- 
Ins lactis aerogenes and мед species to produce gas in media 
containing carbohydrates, their relative distribution on the 
various parts of the growing plant was determined by this 
means, 

Pieces of the young leaf, the old leaf, and the dry stem were 
placed in separate fermentation tubes. These specimens were 
taken from the twelve plants used in the preceding experiment. 
The amount of gas produced was noted after twenty-four hours, 
seventy-two hours, and a week of incubation at 37° C. The fer- 
mentation tubes contained nutrient bovillon with 1 per cent 
lactose titrated to +1 reaction. Table 4 shows the results of the 
experiment. 


TANT 


Тами 4—Gas produced in fermentation twbes after various periods. 
ШЕТ SET. DECEMBER 2 1220. 
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The results show that gas is produced by bacteria found in 
the dry stem, the old leaf, and the young leaf and that the 
gas praluced by the dry stem is more than that from the old 
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leaf, and that from the oid leaf is more than from the young leaf. 
Expressing the results graphically, we have after twenty-four 
hours and one week incubation— 

Young leaf + < Old leaf + < Dry stem 4. 

‘After seventy-two hours incubation the result is irregular. 
These results appear contradictory to the first experiment where 
чуе had— 

Dry stem > Young leaf > Old leaf. 

The foregoing, however, referred to quantity numbers of bac- 
teria, while in the latter the amount of gas is determined by 
the amount of fermentable substance present as well as by the 
number of bacteria, and these two factors modify the results as 
shown, 


BACTERIAL CONTAMINATION OF FIREK THROUGH THE STRIPPING PROCESS 

The аВаса field having shown itself to be a hot bed of bac- 
terial action it necessarily follows that in as much as no at- 
tempts are ever made to protect the abacá fiber from contamina- 
tion during the stripping process, ай the fiber would probably 
be more or less heavily infected by bacteria. 

To get at the relative amount of infection suffered by the 
fiber coming from the various layers of the stalk, that is, out- 
side, middle, and inner layers, the following objectives were 
planned and carried out: 


RELATIVE CONTAMINATION АВ MEASURED BY GAS PRODUGTION 
During the process of stripping, about equal pieces of all the 
important parts were taken with ай aseptic precautions and 
placed in fermentation tabes containing nutrient bouillon with 1 
рег cent lactose titrated to + reaction. The gas produced was 
measured after twenty-four and forty-eight hours incubation at 
87° С. with the results recorded in Table 5 
Tame 6. 


Gas production aster incubation in fermentation tubes for twenty- 
four and forty-cight hours, 
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Expressing the results graphically after twenty-four hours 
incubation in the raw matorial— 

Dry stem + > Old leaf + > Young skin + >Young leaf +. 

The heart of stem, sap, outer tuxie, middle tuxie, and inner 
tuxie remain without gas even after forty-cight hours except 
the outer tuxie. 

Та the case of the finished fiber— 

Outer fiber + > Middle fiber + > Inner fiber 

Тһе experiment shows that while the gas-producing bacteria 
are ever present in the outside layers of the stalk, inner tuxies 
from which the finer fibers are stripped ане comparatively free 
from them. In the process of stripping, however, all the finished 
fibers become infected with the gas-protucing bacteria, 


COMPARATIVE BACTERIAL COUNTS “пом INFECTED PARTS 
Equal pieces of the different parts of abacá were well washed, 

each in 10 cubic centimeters of sterile water. From each of 

the waters 0.5 cubie centimeter was planted on plain agar for 

colony count after forty-cight hours incubation, 

TABLE бо Colonics on plain agar after incubuton for forty-cight hours. 
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Expressed graphically— 

Dry stem > Inner stem > Old leat > Young leaf; 

Outer боже > Middle tuxie > Inner tuxie > Heart of trunk; 
Outer fiber > Middle fiber > Inner fiber; , 

Sap > Inner stem. 


IDENTIFICATION OF THE PRINCIPAL KINDS OF BACTERIA PAESENT 


Attempts to isolate the principal kinds of bacteria growing 
in the fermentation tubes showing gas after forty-eight hours 
ineubation were made, using Teague-medium plates. The prin- 
cipal and most abundant kind of colonies were fished out and 
planted, on slant agar. Subsequent identification was under- 
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taken with the results recorded in Table 7. The biological 
characteristics are recorded in Table 8. 


TABLE 7.—Identification of bacteria, 
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ТИЕ EFFECT OF DAYING FRESH FIBER ON 178 NORMAL BACTERIAT, 
CONTAMINATION 

Observations made in the field and supported by the foregoing 
experiments appear to show that all commercial abacá fiber 
Produced by present methods of stripping is more or less heavily 
contaminated with bacteria, and that the juice and soluble sub- 
stances accompanying the fiber furnish the media for their 
prompt and vigorous growth. Drying, or the process in com- 
mercial fiber production that follows the stripping (where the 
bacterial contamination takes place), is therefore of great im- 
portance, as it determines whether the bacteria shall live and 
cause damage or die and become harmless, 

The following experiments were undertaken to show the va- 
rious effects of thorough and prompt drying on the bacteria пог. 
mally present, во to speak, on the fiber, Attention is called to 
the two phases that developed as the experiment progressed, 
The first was the increasing mortality as drying progressed up 
to the seventh day. On that day the second phase appeared, due 
fo the fact that rains caused a sudden increase in relative hu- 
midity, the fiber reabsorbed moisture and the remaining bacteria 
not only lived but promptly began their multiplication by divi- 
sion. 


TABLE .—Biological ehuracteristies of bacteria. 
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‘The freshly stripped fiber was classified into outer, middle, 
and inner fiber, derived from outer, middle, and inner tuxies, 
respectively. These were hung up in the room with free air ас- 
fes. About equal portions of cach were си each day and sus- 
pended and well washed in 10 cubic centimeters of sterile water 
Then relative bacterial counts wore mado on plain agar after 
forty-eight hours incubation. The results are recorded in 
Table 9. 

‘From the: above experiment we may draw the following con- 
clusions: 

That as drying progressed the bacterial contamination was 
gradually reduced, reaching the minimum after seven days hang- 
ing in the room. After the first day the fiber samples wore 
"commercially dry,” but it is very evident that this is not enough 
to reduce the bacterial count sufficiently and that longer drying 
ог direct sunlight is highly desirable. 

That the fibers, both the freshly made as well аз the commer- 
cially dry, are invariably contaminated with bacteria capable 
of producing fermentation ае soon as moisture is sufficiently 
increased. 

That the outer fibers contain the greatest and the inner fibers 
contain the Jenst number of bacteria. 


THE EFFECT OF FERMENTATION BY ABACA BACTERIA ON FIBER IN 
VARIOUS STAGES OF DRYING AND STORAGE 


itm EFFECT OF FERMENTATION ON FRESHLY STRIPPED FIDER 


Hanks of freshly stripped, mature fiber of mixed grade were 
selected, the moisture contents being arranged as follows: 


1. Was “wringing wet" or just as it camo from the stripping knife, 
‘and contained at Teast 50 per cent juice. 

2. Had been partially dried со that it contained some 20 per cunt juice. 

3. Was part of No, 2 but had been moistened with clean river water 
50 аз to contain about 40 per cont moisture. 


These hanks were carefully wrapped in fresh аһасй leaves 
to prevent outside soiling, then covered with the waste material 
discarded by the stripping knives and left there. This waste 
material, made up of discarded fiber, pulpy material, and 
plant juices, was fermenting so rapidly that it was distinctly 
warm. The results of the fermentation on these fibers induced 
through the ordinary infection received from stripping. handling, 
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Тазга 9—Experiments to chow the offects of thorough and prompt drying. 
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and wrapping i» the араса leaves could be summed up as fol- 
lows: 

1. After two days it had developed a volatile acid odor that. 
slowly disappeared on exposure to the air, The color, of the 
Well-cleaned fiber was almost unchanged, but the strippy parts 
showed. а brownish yellow color that deepened on exposure to the Я 
light. Те acid contents when titrated had increased three to 
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four times in amount over the part kept in reserve and promptly 
dried. The fiber was strong when first removed, but in three 
months it became so brittle and weak that a large part could be 
classed as damaged. 


2. This was kept six days covered by the waste when шы” 


forseen conditions made its removal necessary. It was found to 
be of good color, only slightly increased in acidity, and in three 
months only а very small number of fibers showed weakness. 
The drying, although not complete, had evidently inereased its 
resistance to а marked degree over the undried fiber. 

3. When removed, also after six days, this fiber had a good 
color, buf the acid contents were doubled, and after three months 
а considerable number of fibers, especially the strippy grades, 
became weak and went down in color. 


Тир ÉPFECT OF PERMPNTATION ON WET WAREHOUSE РАНЕН. 


A warehouse fire in Manila, in which many hundred bales of 
abacái, both U. S. and U. К. grades, were damaged, made possible 
the following test: The fire smoldered among the high piles of 
bales for nearly a week, necessitating flooding them until every- 
thing was soaked. ‘The rattan bands of moat of the bales were 
burned so that the bales fell apart, and while much of the sur- 
face fiber was burned or chavred, most of the inside fiber re- 
mained untouched, except that it was water soaked. This fiber 
was removed from the warehouse by the hank, wet and cold, 
and thrown into piles outside. А pile some 4 meters high was 
selected and an iron pipe driven down near the center so the 
temperature could be taken daily. The temperature outside 
averaged about 28° C. although sun and rain changed this some- 
what. The temperature at the bottom of the pipe began to rise 
very soon, gained a little every day, and in one week registered 
67° С. After that it declined each day, at a slower гаје. Un- 
fortunately, the pile had to be broken down at the end of two 
weeks. The changes in the acidity of the fermenting fiber 
were also noted, for tests of the fiber when it went to the pile 
showed it to be low in acidity probably on account of the dis- 
solving action of the water, After fermentation in the pile 
began in earnest the acidity continued to rise for a week 
when it was four to five times more than that at the beginning. 
‚ After that it steadily decreased until the day before the pile was 
broken down when the fiber withdrawn reacted slightly, alkaline. 
Needless to say most of this fiber after drying was perished, yet 
considerable was also found that was still strong to hand test- 
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ing, showing the resistance of certain fibers even to the worst 
possible conditions. 
This increase followed by decrease in acidity and finally the 
presence of alkalinity is perhaps explained by the well-known 
“fact that ordinary mixed fermentation is acid in character, due 
to the breaking down first of the more easily decomposed car- 
* bohydrates and other bodies that give acid products, but after 
these have been acted upon, the bacteria attack the nitrogenous: 
matter and form products which ultimately reactalkaline, and 
neutralize the acids first formed. 
THE EFFECT OF FERMENTATION ON THE WATER-SOLUBLE CONSTITUENTS OF 
HIGH- AND LOW-GRADE PIBER 
To throw additional light on the apparently complicated bac- 
teria) action above described, experiments were tried on а small 
scale with the soluble constituents only, of several grades of 
fiber, to see if they also increased and decreased in acidity as 
fermentation progressed. 


Тава 10.—The total acidity of 10 grams of fiber of each grade, expressed. 
in enbic centimeters of alkali weed. 
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One hundred grams of each sample were cut into small pieces, 
and in suitable glass containers each was extracted with 2 liters 
of distilled water for three hours on the water bath. The solu- 
tions were then poured off, concentrated at low heat to 500 cubic 
centimeters, and after sterilization in a pressure autoclave for 
fifteen minutes at 15 pounds pressure were inoculated with 
equal amounts of a culture of Bacillus lactis aerogenes, Incuba- 
tion was made at 37° С, 

For deférmination of total acidity aliquot parts of the solu- 
tions were titrated with decinormal sodium hydroxide, using 
phenolphthalein as indicator. The figures given in "Table 10 
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ms of the fiber of each grade 


represent the total acidity of 10 у: 
xpressed in cubic centimeter 
While the rise and fall in the total acidity of the water-soluble 
constituents of the fiber during fermentation appeared to take 
place in a manner quite similar to that noted in experiment В, 
the solutions always remained acid as long as the experiment 
continued, from which it тау be inl d that the ba а suhe 
‘sequently attacked the insoluble constituents of abaci after the 
soluble ones had been consumed and this secondary attack gave 
rise to alkaline products of fermentation. 


зне EYELET OF FERMENTATION ON MALED кина. 


For this purpose ten bales of recently received Bicol fiber, 
consisting of two bales cach of gr: ‚111,15, and Le, were 
opened two by iwo, the contents thoroughly mixed and then 
divided asain into piles of one bale ch grade by itself. 
The moisture content of each bale was determined in the labora 
tory and enough ator was sprinkled on one pile of each 
grade to bring the moisture content up to approximately 20 per 
cent. The fiber was then all rebaled and stored together where 
the air eieulated freely in а clean dry warehouse during the 
rainy months of July, August, and September. An iron pipe 
was so arranged im cach bale during the bailing that the tem- 
perature in the center of each bale could be taken daily. Tt 
was found in the dry bales that no rise of temperature took place 
ог at most one degree in three bales, yet this rise stayed eonstant 
їп some bates for two weeks when it again became normal. "The 
wet bales, especially the three lower grades, rose from З to 4 
C., and after continuing that way for a week gradually subsided 
to normal at the end of the first month. The heat of fermen- 
tation by that time probably only equalled the conductivity of 
the fiber itself as in the ease of the dry bales. 

On reweighing, previous to inspection, it was found that the 
dry bales had gained, on an average, 5 kilograms, while the wet 
bales had lost 3.5 kilograms. The two bales of each grade were 
opened at the same time and again graded by the same expert 
that had sclected the fiber in the beginning. Summarizing the 
results, the important changes that had taken place were the 
following: 


‘The odor of all dry bales was paod—that of the wet bales im every 
case musty or moldy and in the J! and L, bales was disagreeabiy sour ако. 
The color of all dry hales was off slightly on yellow or down somewhat for 
the Г. The wet bales were off 12.5 to 25 per cent for the higher grades 
while the ст grades were much too badly off. 
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The tensile strength by hand testing showed F dry to bc unchanged 
and І dry was still good, but the rest had all gone down, the worst one, 
L wet, being 80 per cent weak and the worst of the dry was J', which 
was almost half we 


* The microscopical examination of the fibers disclosed the fact 
that ali, with the exception of the Е bales and the I dry, were 
"infected with active bacteria as well as fungi. 

In acidity the high grades, both wet and dry, had increased -> 
but little, while the lower grades had all inereased—the wet ones 
more than the dry, the worst being L wet, which gained four 
and one-half times, 


THE EFFECT OF FEMMENTATION ON THE TENSILE STRENGTH ОР FIBER 


The fiber from two mature abacá plants was carefully mixed 
50 as to be uniform; it was then divided into five portions, each 
being enough to fill a large Mason jar. One portion was air 
dried at once, while the rest were sterilized in a pressure au- 
toclave in the tightly closed Mason jar for fifteen minutes at 
15 pounds pressure, After cooling they were infected, one with 
В. tactis aerogenes, and one with a spore-hearing air-borne va- 
riety of bacterium very prevalent in the sbacá fields. Опе of the 
two remaining full jars was dried at once, while the other was 
placed unopened in the incubator with the infected jars and all 
three were incubated for six days. 

After drying, examining, and testing at the end of six days 
the results recorded in Tabie 11 were obtained. 


TABLE 11.—Strongth und condition of fiber at the end of six days. 
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The tensile strength of the first three samples is probably elase 
enough to Ue within the limit of error of the experiment, while 
that of the fourth and the fifth is shown to be decidedly lowered. 
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PROGRESSIVE LOSS OF TENSILE STRENGTH CAUSED ву TAP PRODUCTS OF 
FERMENTATION 

А small hank of perished L fiber was selected, which showed 
by chemical and microscopical examination that it had gone 
down in color and tensile strength through intensive bacterial 
action followed by mold action, amd had an acidity some seven 
times that of normal fiber. It was extracted with warm dis- 
tilled water and the acid extract sterilized by boiling, А hank 
of excellent Samar E fiber was divided into two equal parts and 
one part was soaked in the above extract until the extract was 
all absorbed, after which the fiber was carefully dried at room 
temperature and hung up with the untreated half in a cool, dry 
place, whore they were under the same conditions of storage. 
Each month these two half hanks were tested in a Louis Schop- 
per fiber tester for tensile strength. In less than four months 
the acid half hank had lost 17.5 per cent of its original strength 
amd the normal half 5.4 per cent. In six months the acid hank 
was mostly perished and completely so in less than a year. In 
the same time the normal hank went down at only the normal 
rate or a little over 9 per cent. 


THE ACIDS OF FERMENTED AND UNFERNDNTED FIRER 


Pending further investigation no definite statement can be 
made as to the exact role played by bacteria in the destruction 
of abacá fiber with its attendant 1055 of tensile strength, lower- 
ing of color, luster, сіс. From the experiments so far made it 
appears likely that this deterioration may be aseribed to the 
direct attack of the bacteria on the water-soluble constituents of 
the fiber, giving rise to various acid products, which in turn 
асі chemically on the insoluble parts, changing them further 
into bacterial food. 

In the preceding paper’ it was shown, in the examination of 
a large number of samples of abacá fibers from different dis- 
tricts that their tensile strength was apparently inversely pro- 
portional to their total free acid contents,’ measured against 
standard alkali. Many other facts also point to the important 
rôle played by the free acids found in both the fermented and 
the ünfermented fibers and consequently much time has been 
given to their study, isolation, and purification. 


* Sherman and Sherman, this issue, 21-40. ", 
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SUMMARY 


Due to the custom of all abacá growers in the Philippines 
some 85 per cent of the semiannual plant growth is cut down 
in the harvesting of the fiber and allowed to fermehit and decay 
underneath the growing, immature plants. 

The immediate locality where all the fiber is recovered and 
stripped is, therefore, а hot bed of bacterial infection, and all 
commercial fiber produced is heavily infected with bacteria. Е 

The bacterial flora found on all exposed parts of the growing 
plant as well as on the produced fiber is diversified, large, and 
active. . 

"The process of drying, which should immediately follow the 
stripping of the fiber, has for a direct result tho practical sterili- 
zation of the fiber so long as it remains dry thereafter. 

Failure to dry the fresh fiber promptly and thoroughly, or 
wetting after once dried, results in fermentation, the immediate 
effects of which are the production of increased acidity, lowering 
of tensile strength, change of color, decrease of luster—in other 
words, all of the phenomena that characterize damaged and 
perished fiber. 

These damaging effects on the fiber appear to be caused by 
the acid fermentation products of its soluble constituents as well 
as by direct action of the bacteria on the fiber. 

зите 


ILLUSTRATION 
uate 1 


А hank of highgrade Davao abaeá partially wet while baled, showing 
change of color due to bacterial action and muld growth; а, heaviest 
bacterial action where fiber was wettest; b, black-mold colonies; с, 
still dry, with original color. 

er 


D 
A балк of hiabarade Davao aback partially Wet while baled, showing change of 
bastaria! action and mold growth. 


PLATE 1. 


MERCURIC IODIDE IN THE TREATMENT OF EQUINE 
EPIZOOTIC LYMPHANGITIS ' 


By R. A. Кызен 
Major, Veterinary Corps, United States Army, and member of the United 
States Army Medical. Department. Research Board 
Manila 
ONE PLATE . 


Epizoötie lymphangitis is а chronic, infectious disease of 
horses and mules. Rarely the malady also occurs in тап, It 
is caused by a type of yeast, Blastomyces farciminosus (Crypto- 
coccus farciminosus), and is characterized by а purulent i 
flammation of the lymphatic vessels and regional lymph nodes 
of the subcutaneous tissues, 

Epizoótie lymphangitis occurs in various parts of Europe, 
Asia, Africa, and South America. It does not at present exist 
in the United States. In the Philippine Islands the disease has 
Jong been a scourge of the equine population and, in so far 
as the military establishment is concerned, has proved to be 
one of the most troublesome conditions with which the Army 
veterinary service has had to contend, 

While an enormous amount of work has been done by various 
investigators with a view to finding a satisfactory treatment 
for ерігобііе lymphangitis, the results have been quite discourag- 
ing. Prompt and thorough surgical interference has given fair 
results, However, where the involvement is extensive, surgery 
is not always feasible and at best it results in considerable acar- 
ring which, obviously, is undesirable if it can possibly be avoided. 

Various chemical agents, such as bichloride of mercury, cop- 
per sulphate, phenol, mercury salicylate, iodide of potash, tartar 
emetic, atoxyl, salvarsan, etc., have been employed in the treat- 
ment of the disease. Reports on all of these chemicals are ex- 
ceedingly variable as regards results obtained, 


* Published with permission of the Surgeon Gencral, United States Army, 
who is not responsible for any opinion expressed or conclusions reached 
herein, а 
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Several ycars ago the United States Army Medical Depart- 
ment Research Board conducted a rather long series of experi- 
ments with a view to finding a satisfactory treatment for 
epizoótie ljmphangitis. This work involved the testing of 
mercurochrome, gentian violet, various colloidal-silver prepará- 
tions, gray oil, salvarsan, tartar emetic, potassium iodide, sodium 
iodide, ete. Tn some instances we appeared to get results while’ 
in others, with the same treatment, failures occurred. It was 
finally concluded that nothing we had worked with was as satis- 
factory as prompt and thorough surgical treatment, зо the pro- 
jeet was dropped. 

In Octeber, 1926, Nainsouta(2) published a report in which 
he indicated that red iodide of mercury, when administered in- 
travenously, was highly effective in the treatment of epizodtic 
lymphangitis, As а matter of fact he considered that chemical 
specific for the treatment of the disease. In view of this report 
we decided to revive our lymphangitis project and test the ac- 
tion of mereurie iodide on some of our cases of epizoótic Јут- 
phangitis among Army horses. 

In the beginning Nainsouta administered the drug in doses of 
0.20 gram twice a week for five weeks. In grave cases he re- 
commended doses of 0.50 gram. He employed 50 cubic centime- 
ters of distilled water for the suspension of each dose of the 
chemical. 

Та our work we have found that daily intravenous doses of 
red iodide of mercury, suspended in 60 cubic centimeters of 
sterile distilled water, can be safely administered over a period 
of from seven to ten days. Further, after a lapse of two ог 
three weeks this course of treatment сал, if necessary, be re- 
peated without. untoward results. 

In preparing and administering the chemical we have carried 
out the following procedure: The 0.50-gram dose of mercuric 
iodide is very carefully weighed and placed іп a sterile Erlen- 
meyer flask containing 60 cubic centimeters of sterile distilled 
water. The flask is thon shaken vigorously in order to make 
as fine a suspension of the chemical as possible. Before the 
drug has a chance to settle the mixture is poured into a Luer 
type, glass syringe and promptly injected into the jugular vein. 
Leaving the needle in the vein, the flask and the syringe are 
quickly washed with about 30 cubic centimeters of sterile physi- 
ological saline solution and this is injected, so that the animal 
gets the full dose of the iodide of mercury, 
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Great care must Бе exercised {о absolutely insure that none 
of the chemical is injected into the vessel wall or surrounding 
tissues. A sterile needle that has not come in contact with the 
mercuric iodide suspension should be inserted inta the jugular 
vein and a good, steady flow of blood noted before the syringe 
is attached for the injection. If im the meantime the mercury 
has settled in the syringe а little shaking just before attaching 
the syringe to the needle is desirable. Я 

In treating cases of epizoütic Iymphangitis it Nas been our 
practice to make a small incision in any soft nodules present, 
evacuate the pus, und then give the animal daily intravenous 
injections of the red iodide of mercury prepared as. above de- 
scribed. In the case of average-weight and heavy horses ten 
daily injections can be safely given. Series of seven daily in- 
jections will ordinarily suffice for smaller horses unless the in- 
volvement is extensive in which case the ten injections can be 
given, The dose for Philippine ponies should not exceed 0:30 
gram, 

It is desired to emphasize the point that a second series of 
injections of mereurie iodide should not be commenced until at 
least two weeks after the completion of the first series. 

То the present time nineteen cases of epizcótic lymphangitis 
have been treated by this method and the results have been 
highly satisfactory, 

After the first few doses of the drug the smaller nodules 
start to diminish in size and gradually disappear, The larger 
nodes usually proceed to suppuration, and as soon as they are 
soft they should be opened. The pus from lesions in animals 
receiving the mereury treatment soon assumes an entirely dif- 
ferent character from that of the untreated case. In the place 
of the very thick, creamy pus, the discharge from cases well 
along on the course of mercury treatment usually consists of 
а fairly fluid, serum-colored material containing small accumu- 
lations of pus in the form of white floceuli. 

In our experience the course of treatment, in the average case, 
has extended over а period of not more than two months. Та 
mild cases with minor involvement one course of seven to ten 
daily doses of the mercuric iodide will usually suffice. ' With 
the average case of moderate severity and involvement two cours- 
es of the drug with two or three weeks between courses are 
advisable, In severe cases with extensive involvement а third 
course may be necessary. 
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One should not fail to open nodes containing pus, especially 
the larger ones. This practice certainly aids in reducing the 
period over which the animal must be treated. А very small in- 
cision with a'bistoury will prove satisfactory and will not be apt 
to result їп а detectable ясат. 

The results we have obtained with this treatment are nicely 
illustrated by our case 7, а horse suffering from a moderately 
severe case of epizoótic lymphangitis, Plate 1 is from а pho- 
tograph of the invelved region of this animal just before we 
commenced the mercury treatment. The prominent nodes were 
incised, the pus evacuated, and daily intravenous injections of 
0.50 gram.of the mercuric iodide in 60 cubic centimeters of 
distilled water given over a period of ten days. After a period 
of two weeks a second course of ten injections was given, The 
animal started to improve after the fifth or sixth dose of the 
drug, and progress was continuous up to the end of the second 
course of treatment when the animal was about normal. How- 
ever, he was kept under observation for two weeks more, and 
while probably unnecessary he was given four more daily doses 
of the mercuric iodide before being sent to work. Treatment 
of this horse started on September 1, 1927, and he was dis- 
charged as cured on October 23, 1927. To the present time there 
has been no recurrence of the condition. 

Lately we have employed an equal part (0.50 gram) of po- 
tassium iodide with the mercuric iodide and reduced the amount 
of water used to 30 cubic centimeters. This gives а solution 
of the double jodide of mercury and potassium and is more 
readily administered than the suspension of mercuric iodide 
alone. This mixture has not been employed over а sufficient 
period to determine whether от not it is as satisfactory as the 
mercuric iodide alone. In previous work we have noted that 
some horses are rather sensitive to potassium iodide when given 
intravenously, so in some instances it may be desireable to omit 
the potassium iodide. 

I wish to acknowledge my indebtedness to ‘Lieut. Col, Burt 
English, department veterinarian, Philippine Department, and 
to Maj. D, B. Leininger, station veterinarian, Fort William 
McKiniey, for their aid in carrying out this work, 
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PLATE 1. Involved area of а horse with epizoiitie lymphangitis. 
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PLATE 1. INVOLVED AREA OF A HORSE WITH EPIZOOTIO LIMPHANGITIS. 


NOTES ON PLASMOQUINE (PLASMOCHIN)' 


By С. M. Hasse. and MARGARETE HASSELMANN-KAHLERT 
Of Manila, Philippine Islands 
ONE TEXT FIGURE 


In 1640, Juan del Vego, attending physician to the Countess 
Anna del Cinchon, took the bark of Cinchona speciés from 
Ecuador to Europe, The derivation of the word quinine is 
still under discussion. Probably, this expression does not come 
from the name of the countess but from the word фана, (1) which 
means "bark" in the language of the old Peruvians, The du- 
plication would signify, as in all primitive languages, only “of 
special importance; as, for example, in the case of tse-tse, 
where tse in the language of the Zulu-Kafirs means “fly,” and 
tse-tse, therefore, means а very important and dangerous fly. 

Many attempts have been made to replace this febrifuge by 
other drugs. In 1820 Pelletien and Caventon isolated quinine 
from the bark. Quinine synthesis has been attempted many 
times since 1856 when Perkin, still thinking that quinine had 
two quinoline rings, succeeded in producing mauvéin, the first 
coal-tar dye. 

It has long been known that quinine acts only upon the ma- 
laria schizonts; the sexual forms, especially the crescents in 
subtertian infection, are not destroyed. Thirty years ago 
Marchiafava and Bignami(2) said: 


‘The salts of quinine, even when given in doses as large as 2 grams a day, 
do not perceptibly affect the crescent forms of these parasites, Quinine 


У Plasmoquine was first brought to the Philippines in December, 1926, 
by one of the authgrs (C. М. Н.) and given to private patients, for both 
treatment and prophylaxis. ‘These trials were again taken зр when, dur- 
ing the summer of 1927, the then representative of the Bayer firm far- 
nished a greater supply of the drug. ‘Through the kindness of Dr. Jacobo 
Fajardo, director of the Philippine Health Service, and Dr. C."Güvino, 
director of San Lazaro Hospital, a greater number of malaria cases were 
treated with plasmoquine in addition to our private patients. Dr. C. Poli- 
carpio, Dr. 9. Salta, and Dr. В. Barrera, all resident physicians of the 
hospital, give us valuable coöperation. To ай these we wish to express 
our sincerest thanks. 
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acts upon the malaria parasites in that phase of their life in which they 
аго nourished and develop. When the nutritive activities cease by an 
arrest of the transformation of the hemoglobin into black pigment, and 
the reproductive phase begins, then quinine is ineffectual in its action. 


With the development of organic chemistry new hope arose 
of synthetically building up specific remedies against malai 
All of these, however, that were claimed to be specifies, even if - 
they had apparent antimalaric effect, proved to be far inferior 
to quinine and its derivatives. Only salvarsan, in certain cases 
of benign tertian infection and at the same time as a blood 
restituent, and methylene biue, in quartan fever, have been of 
value. 

In 1907 Rabe(3) described the chemical constitution of the 
quinine molceule as consisting of one chinoline ring connected 
by а secondary alcoholie group with the so-called “loipon” por- 
tion; that is, the piperidine ring with two intermediate CH, 
radicals: 
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Giemsa(4) examined the therapeutic effects of many deri- 
vates. He found that only hydroquinin and quinethylin are 
superior to quinine and that any change in the bridgo-carbon 
molecule necessarily lessens the antimalaric effect, 

At the Tagung Deutscher Naturforscher und Aerzte, in Dues- 
seldorf, September 22, 1926, the first announcement was made 

‚ concerning “Plasmochin.” 

Schulemann, Schoenhoefer, Wingler, and Hoerlein б! succecd- 

ed in preparing в chemical compound which they claim to be an 
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n-di¢thyl-amino-isopentyl-8-amino-6-methoxyquinolin, thus dif- 
fering from quinine principally by lack of the “loipon” portion. 

Some confusion has been created by calling this compound 
variously “beprochin,” later on, "plasmochin," dnd now in 
English-speaking countries, “plasmoquine.” 

Roehl(5) found that this drug gave highly satisfactory results 
in canary birds infected with Proteosoma praecoz, He adminis- 
tered 1 cubic centimeter of the solution for each 20 grams body " 
weight and found the highest strength of quinihe tolerated 
1:200, the lowest effective 1: 800; that із, the so-called chemo- 
therapeutic index is 1:4. Roehl claimed to have found plas- 
moquine sixty times as effective as quinine with an index of 

1:1500 i 
about 1 soog г 1:80. 

5101165,6) experimented with the new antimalarie in forty 
cases of general paralysis therapeutically infected with tertian 
malaria. He showed that often with doses of 0.25 gram intoxi- 
cations may occur; 0.15 gram daily was considered the upper 
limit, Sioli observed in one case after а total dosage of 0.6 
gram in the course of eight days hepatic pain and cyanosis but 
without formation of methemoglobin either in the blood or in 
the urine, Recovery was rapid, but the skin did not regain its 
natural color until three weeks later, 

Mueblens(5,7,8,9) treated one hundred seventy-two cases of 
naturally acquired human malaria with plasmoquine. These 
cases consisted not of first fevers but were all acute relapses or 
chronic cases. Muehlens notes that they had been treated un- 
der very favourable general conditions; that is, in a temperate 
climate (Hamburg), with sufficient food and rest in bed. 

In benign tertiam and quartan malaria this author found 
daily doses of from 0.05 to 0.1 gram, in a few cases even up 
to 0.18 gram, effective and stated that after the second or the 
third day of medication defervescence occurred and that para- 
sites disappeared from the peripheral blood in five to seven days, 
He obsérved fewer relapses than after quinine treatment. Side 
reactions such as cyanosis of fingers, toes, lips, and face, and 
spasmodic gastralgia occurred now and then, the latter espe- 
cially when plasmoquine was given on an empty stomach or in 
Jarge individual doses of 0.05 gram. On the other hand none 
of the u£ua] side effects after quinine medication such as bitter * 
taste, deafness, tinnitus aureum, or dizziness was experienced. 
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In tertian and quartan infections plasmoquine is about as 
effective as quinine on both schizonts and gametocytes. How- 
ever, Muehlens found in the treatment of &slivo-autumnal ma- 
laris that pure plasmoquine is not so efficient; he observed 
more relapses owing to its insufficient effect upon the subter- 
tian schizonts. ТО prevent relapses quinine was added and the 
combination called “plasmoquine compound," which is now man- 
Qfactured in tablets each containing 0.01 gram plasmoquine and 
0.125 gram quinine sulphate. Formerly it had Беса manufac- 
tured in smaller tablets of 0.005 gram plasmoquine and 0.0625 
gram guinine sulphate, which had been used for our experiment. 

Muehlens states that— 

“Рог the first time we have found a medicament which causes the eres- 
cents to disappear within 4 to 7 days with the certainty. of an experiment.” 
Пе furthermore adds “that in acute infections of acstive-autumnal malaria 
with many sehizonts (rings +++) and without gametes, plasmoquine 
treatment, immediately begun, nearly always prevented the formation of 
crescents," 


The largest amount of plasmoquine he gave was 3.25 grams 
in sixty-eight days. Не states that in none of his cases could 
gametocytes be found longer than seven days. 

Muchlens’s most interesting observation was the successful 
treatment of two cases of blackwater fever and of one case 
with petechie and ecchymosis in the skin and mucous mem- 
branes. The three cases were promptly cured by plasmoquine. 

In a few cases he observed that crescents appeared, oven 
after schizonts had disappeared, but these crescents disappeared 
very soon. In only one case the crescents, which appeared on 
the eighth day after the beginning of treatment and which had 
been discontinued just the day before, remained for a further 
seven days in the peripheral blood. 

"Muehlens reports that he observed no relapses among four 
cases of quartan infection, three relapses among forty benign 
tertian infections, and thirty-four relapses among forty-nine 
subtertian infections, after the administration. of pure plasmo- 
quime. He reports only four relapses in subtertian infection 
after plasmoquine-compound treatment and no failures in the 
tertian type. No severe symptoms of intoxication, even after 
daily dosage of 0.18 gram, were observed. Children and even 
"babies tolerated the drug well. 

Fischer(8) reports а prophylactic test with а ship's crew on 
the west coast of Africa. Thirty-nine members of the crew 
took, on three successive days of the week, 0.095 gram plasmo- 
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quine. He claims to have observed a morbidity of only 20 per 
cent for malaria compared with 25 to 30 per cent on other 
ships with quinine prophylaxis, 1 gram twice a week. Fischer 
means that the course of the disease was less severe, but he 
gave not only 0.055 gram plasmoquine and 0.5 gram quinine 
intramuscularly but later even quinine orally. For treatment 
Fischer thinks that plasmoquine was more willingly taken by 
the crew because il does not have the ill-effects of quinine. 

In Talavera de la Reina, Spain, Rochi(8) treated successfully 
three tertian cascs with pure plasmoquine, and three subter- 
tian infections, but the latter remained all positive for parasites 
in the peripheral blood. 

Sehulemann and Memmi. 10, 11) treated over one hundred 
cases jn Grosseto Hospital, Italy. Dosage: Three times 0.02 
gram plasmoquine for seven days; four days interval; three 
times 0.02 gram plasmoquine, for three days; four days inter- 
val and so on for six weeks, if possible. Out of twenty-four 
tertian infections only one relapsed; four quartam infections, 
no relapse; insufficient effect on subtertian infections, With 
plasmoquine compound, three times 0.02 gram plasmoquine and 
025 gram quinine daily, sixty-three cases of subtertian were 
treated. No parasites were found after the eighth day of medi- 
cation. Thirteen cases relapsed during or after the intervals 
and between the medication day 

The authors mention the very interesting fact (hat changing 
from one medicament, be it plasmoquine ог quinine, to the other, 
seems to act sometimes as a provocative, being followed by the 
appearance of parasites or fever. Two cases of blackwater 
fever were also cured with plasmoquine, 

Side effects seldom occurred. Twice considerable cyanosis, 
once after three times 0.02 gram plasmoquine, the other after 
three times plasmoquine compound (0.02 plus 0.25), frequently 
slight livid bluish lips. Several times arrhythmia was ob- 
served, The authors mention especially having observed a 
marked lymphocytosis, in some cases up to 50 per cent. Gastral- 
gia was rarely observed when plasmoquine was given on an 
empty stomach. Most of the complaints were psychotic, and 
“we frequently saw that this complaining of pains spread as 
an epidemic over one ward, while the other ward remained 
completely, immune!” 

Vomiting never occurred after plasmoquine and only twice 
after plasmoquine compound but stopped after continued me- 
dication of pure plasmoquine, therefore having been causad only 
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through quinine idiosynerasy. The authors furthermore note 
and describe degeneration forms of adult parasites under plas- 
moquine treatment, as likewise occurs with quinine, but they 
observed such forms only in tertian infection. These forms 
show a complete, dark blue protoplasm with drop-shaped rami- 
fications, partly cut of. 

Mihajlo М. Кад 


с(8) treated forty-nine cases of malaria 


in Skoplje, Jugoslavia, with pure plasmoquine. Nineteen cases © 


were promptiy cured after daily doses of 0.08 to 0.08 gram plas- 
moquine. “The parasites disappeared from the peripheral 
blood in 1 to 2 days and didn't reappear during further pias- 
moquine, treatment.” Seven cases of acute first subtertian fe- 
vers without crescents all remained free from gametocytes. 
Daily dose: Five times 0.02 gram plasmoguine, There were two 
relapses, one on the twentieth day after the beginning of 
treatment. 

Теп cases had schizonts and crescents in the peripheral blood 
at the beginning of treatment. The author states that in these 
occurred “relapses much more frequently." Thirteen cases with 
only crescents gave the best results, the gametocytes all dis- 
appearing after five days, Gastralgia was never observed, 
cyanosis in only three cases. 

A. Djokic and D. Stambuk(8) in Bitoly, Jugoslavia, treated 
one hundred two cases with plasmoquine, Generally 0.08 gram 
plasmoquine was given, the highest dose was 0.14 gram daily. 
Та а very careful manner the authors divided the patients into 
several groups and gave them different combinations. 

Gastralgia was seldom observed but cyanosis frequently. 
One сазе showed amaurosis, but this did not reappear when 
some days later plasmoquine again was given. Some state- 
ments might be quoted: 

Plasmoquine acted promptly upon tertian parasites (schizonts and 
gametocytes). Temperature dropped, splenomegaly was reduced, and the 
penera? condition improved rapidly. * * * We could not observe that 
in tertian infection plusmoquine resets better upon new infections tham 
upon relapses, nor is there any difference in its action оп the sexual or 
asexual forms. Both forms are affected equally well and quickly. 

In their cases the earliest time for the disappearance of para- 
sites was one day and the longest five days. The authors con- 
clude that in tertian infection pure plasmoquine may well 
replace quinine and is even superior to quinine im the quartan 
type. In subtertian infection the authors confirm Muehlens's 
observations of the insufficient effect of pure plasmoquine on 
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small rings, but the absolutely certain destruction of crescents, 
and the good effect of combined plasmoquine and quinine ad- 
ministration on both types. They also note that, especially on 
small rings, plasmoquine has somewhat of a provocittive action, 
as already mentioned by Schulemann and Memmi. 

Finally Djokic and Stambuk again direct attention to the 
‘outlook from an epidemiological standpoint in зо far аз "plas- 
moquinization” cuts the vicious circle of malarial transmission 
in crescent carriers. | 

С. Polychroniades(8) treated onc hundred eighty-eight cases 
in Saloniki. Four tertian, two quartan, and thirty-cight subter- 
tien cases were given plasmoquine, three times 0.02 gnam daily. 
There were nineteen relapses in the subtertian form with nine 
cases showing persistently small rings. АШ tertiam and quar- 
tan infections were cured. Eight cases showed cyanosis and 
eight gastralgia. Three quartam and one hundred thirty-nine 
subtertian cases were given plasmoquine compound (0.02 plas- 
moquine and 0.25 quinine) three times daily. In all eases the 
gametocytes disappeared rapidly between the second and the 
eighth day аПог treatment began. Smali rings, however, dis- 
appeared between the second and the tenth day, but reappeared 
іп fifteen eases, between the seventh and the twenty-third day, 
Twenty-two cases had abdominal pains, two showed cyanosis. 

The author reports three blackwater cases cured by plasmo- 

quine. The first, tertian infection, showed haemoglobinuria 
with fever. After three days treatment (0.06 gram daily) 
parasites disappeared and the urine became normaj without 
hemoglobin (reaction of Rolland and Mayer). The tempera- 
ture fell to normal on the sixth day. Qn the fourteenth, rings 
appeared again without cither rise of temperature or hemo- 
globinuria. Then plasmoguine compound was given. The para- 
sites disappeared again but reappeared on the twenty-second 
day. Then 1 gram bichloride of quinine was given by mouth 
with the effect that the urine again became black for twenty- 
four hours. АйеР one day interval plasmoquine compound was 
given for three days, this was repeated after five days interval. 
Parasites as wol as homoglobinuria disappeared. Later 
quinine was again tried in increasing doses and tolerated ‘up to 
0.75 gram. 

The sceond сазе had only fever which persisted for fifteen 
days. Hamoglobinuria disappeared after twenty-four hours, 
On the twenty-first day tertian rings were found in the pe- 
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ripheral blood without fever. After administration of plasmo- 
quine compound the parasites disappeared finally and no 
hemoglobinuria occurred. 

‘The thirü case (type not mentioned) had neither fever nor 
parasites in the peripheral blood. Only symptomatic treat- 
ment was given and hemoglobinuria disappeared after twenty- 
four hours. On the eleventh day rings (type not mentioned) 
appeared, but without rise of temperature. After adminis- 
tration of "plasmoquine compound the parasites disappeared 
rapidly and no hemoglobinuria occurred. The author concludes: 

Notwithstanding minor side-effects, unimportant, like cyanosis of lips 
and nails, gustralgia, but mot frequently (23 per cent), there is no con- 
traindication to plasmoqaine, and this includes even homogtobinuria and 
pregnancy, On the contrary according to our experiences, За certain of 
Such савез it із quinine that would be contraindicated. 

M. Sliwensky(8) treated in Burgas, Bulgaria, two hundred 
twenty-five cases of malaria in the hospital and fifty-nine ambu- 
lant. The author reports the usual good effect in the tertian 
and quartan types. Of eight quartam infections there was по 
relapse; among twenty-six tertian hospital cases one relapsed 
forty days after treatment with two times 0.04 gram plasmo- 
Quine for only five days; a second case relapsod after sixteen 
days, ће had received the same dose (two times 0.04 gram plas- 
moquine) for seventeen days. This was obviously an inef- 
ficiently low dosage. 

A third relapse occurred after twenty-one days in a patient 
who received plasmoquine compound (0.03 gram plasmoquine 
and 0.375 gram quinine sulphate) two times daily for cleven 
days. Among the eighteen ambulant tertian infections only one 
relapse was observed after eighty days; the dosage had been two 
times 0.02 gram plasmoquine for eight day: 

Among one hundred twenty-five subtertian cases that were 
given plasmoquine compound (0.03 gram разтодатс and 
0.375 gram quinine sulphate) twice a day for five to twelve 
days, thirty-eight relapses occurred. i 


In only a very few cases could erescents be found after eight days. In 
only оре case after a sea-bath and during plasmoquine treatment could we 
observe a few crescents on the seventeenth day. 


Asa whole, plasmoquine compound was found by the author 
much superior to pure quinine medication on account of its cer- 
tain effect on crescents, 
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Two cases of quinine idiosyncrasy with epistaxis and one 
case of blackwater fever tolerated plasmoquine well and were 
cured. The blackwater patient, female, 40 years old, with sub- 
tertian infection for about two months, had taken quinine. Af- 
ter 0.4 gram quinine a very severe attack of blackwater fever 
occurred with icterus, vomiting, coma, urine dark reddish brown. 
Under symptomatic treatment and plasmoquine, beginning with 

* twice 0.01 to 0.05 gram, the patient improved quickly, and toler- 
ated quinine later on. 

‘The author directs attention to two facts; namely, that babies, 
3 to 14 months old, tolerate plasmoquine very well even in doses 
five times as large as adults, and, second, that even enormous 
eniargeraents of the spleen decrease very rapidly. 

Cyanosis and gastralgia were only occasionally observed. 

S. Manaloft-Sliven(12) reports ten cases from Bulgaria. Опе 
tertian case received six tablets of plasmoquine compound (six 
times 0.02 gram plasmoquine and 01 gram quinine sulphate) 
daily and became negative for parasites after four days. 

Two patients with драма infections had taken quinine for 
а longer period but still showed larger numbers of parasites, 
Both became negative for parasites on the fourth day; daily 
dosage 0.08 and 0.1 gram plasmoquine, respectively. 

Each of seven patients with subtertian infections was given 
0.06 gram plasmoquine. The author docs not state why he 
treated tertian infections with plasmoquine compound and s- 
tivo-autumnal infections with pure plasmoquine; it is no wonder. 
that in these seven cases no sufficient action was observed and, 
besides, four relapses were noted. Cyanosis occurred only in 
one сазе. 

М. Sliwensky, 03) in Sofia, Bulgaria, reports a very instructive 
observation which he calls: “Plasmoquine for controlling gam- 
etocytes from an epidemiological standpoint. (Der Gameten- 
versuch mit Plasmoehin in epidemiologiseher Betrachtung.)” 

Та a distant village, Vajakeny, eighty-one carriers of game- 
focytes were treated and received 0.075 to 0.08 gram plasmo- 
quine daily in one dose after dinner. He was able to treat 
sixty-four of the cighty-one for six days. Blood films were 
taken one day after treatment was finished, fifty days later 
and, for the third time, after four months, 

All carriers who showed at the beginning only gametocytes 
(tertian 3, subtertian 18) remained free after four months. 
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Relapses after fifty days: Six of sixteen carriers with subter- 
tian schizonts and gametocytes, two of twenty-two who had 
shown before only sehizonts, one of two with tertiam schizonts 
and gametocytes, and one relapse after four months in а pa- 
tient with double infection (tertian and subtertian). 

Cyanosis or gastralgia was never observed although the 
whole, comparatively high, dose of plasmoquine was adminis. , 
tered at once. 

The author concludes: 

0.90125 gram plasmuguine per kilogram of body weight, in the form of 
plasmoquine compound for five to six days, is able to free the peripheral 
Мега of crescent carriers of the three types for at least four months, Es- 
pecially in countries with marked so-called "scasonulemalaria," this fact 
should be made use of as a most eficient and economic measure. Tt із 
possible to give at once the whole daily dose of 0.06-0.08 gram plasmo- 
quine without any ill effect. 


Baermann and Smits(14) stated that in their experiments 
with eleven tertian and one quartan case there were the usual 
good effects of plasmoquine (four times 0.02 gram) ; no relapses 
in eighty days. With plasmoquine compound, however, one of 
three tertian cases relapsed in fifty days. 

The authors even gave pure plasmoquine to nine subtertian 
infections, and it is no wonder they had five relapses, It is 
notable їп this experiment that among seven cases without 
crescents even under plasmoquine treatment crescents appeared 
in four cases. Furthermore, eight relapses were treated with 
plasmoquine compound (0.01 gram plasmoquine and 0.125 gram 
quinine sulphate four times а day). Six remained free, while 
in the blood of one case after fourteen days treatment schizonts 
ав well as crescents remained demonstrable. The other сазе 
died. 

Weight 484 kilograms, bemeplobin 70, pulse 68. Spleen onc finger 
breadth, no albumin, one subtertian ring in four fields, Treatment, plasmo- 
chin 0.02 gram, four times daily. On the third day he had some cyanosis, 
became unconscious, temperature 39.2 С. (102.55° Р.), leucocytes 16,000, 
albumin without casts. Пе was given quinine intravenously and intramus- 
«шону with disappearance of parasites from the circulation, but he died 
next day with a rapid fall of temperature and with a crescent in the blood. 
No malaria parasites were found except some erescents in the spleen. ‘The 
liver showed patchy, fresh, and very silght necrosis, . 
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Plehn(5) reports а quinine-resistant strain of sstivo-antum- 
nal type in the case of a sailor who was infected in Karachi. 
‘This man received large doses of different medicaments, including 
“yeprochin,” and still developed schizonts as well as garmetocytes 
but finally was cured, 

In various hospitals of the United Fruit Compamy(1 in 
Central America one hundred ninety-four cases of malaria 
were likewise treated with plasmoquine and plasmoquine com- 
pound. Cortes from Preston, Cuba, Brosius from Almirante, 
Panama, Macphail from Quirigua, Guatemala, and Nutter from 
Tela, Honduras, agree with Mueblens in their favorable re- 
ports; but Whitaker, who had only pure plasmoquine. without 
quinine, reports from the same hospital іл Tela that, besides 
the well-known insufficient effect of pure plasmoquine in #s- 
tivo-autumnal infection, even three cases of tertian and one of 
quartan infection after 0.08 to 0.1 gram for four to six days 
remained positive for parasites, although the fever was con- 
trolled just as well as with quinine. One death occurred in 
Preston, and the report is quoted in full on account of its 
importance. 

The pationt was a male negro, 35 years of age. He was admitted 
suffering from а severe attack of aestivo-autummnl malaria and was 
treated with the new drug, plasmochin compound. On the dth day of 
his treatment, after the fever had disappeared and the blood film was 
negative for malaria! parasites, ho developed а profound anaemia, leuco- 
cytosis, jaundice, nausea (vomiting), and somnolence. The urine was no- 
gative for haemoglobinuria. Но died within 48 hours after the onset of 
this sudden attack, The toxic influence of plasmochin compound was sus- 
pected to have played an important role in the cause of death. 


Mrcnoscoric EXAMINATIONS ву Dr. Р. В. Машову (0. Е. A. 15) 
 Heari.—Negative. 

Splcen—Numerovs lymphocytes amd plasma cells in tho pulp; many 
‘endothelial leveocytes in tho blood sinuses eontaining red blood corpuscles, 
often in great numbers (10 to 20 and more). Malarial pigment occurred 
‘occasionally in the red blood corpuscles both free and in phagocytes. 

Fiver —Endotheliat cells Vining sinusoids were prominent, occasionally 
Phagocytic, and some contained pigment. Some of the liver edis in the 
centers of the lobules contuined vacuoles in which were dots and occasion. 
ally threads of fibrin (hydropic degeneration). Rarely a liver сей ws 
necrotic and was being invaded by endothelial leucocytes. There was 
slight lymphatic infiltration of periportal connective tissue, 

Kidney—Boderate oedema of the tubules. 

Corebrum.—Negative, 
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Microscopic DIACNOSES 


Malarial infection of the spleen. 
Marked phagocytosis of red blood corpuscles in the spleen. 
Enrly strge of central necrosis of the liver. 


Вемалкз 


It із unfortunate that по bone marrow was included with the othér 
tissues. The anaemia may have been due to destruction of red blood cor- 
puscles by the malarial infection. The phagocytosis in the spleen would 
веста to indicate this. The beginning necrosis of the liver сей: is probably 
due to the toxic action of the plasmochin, but it is not nearly so active as 
chloroform or carbon tetrachloride. Possibly plasmochin has а destructive 
effect ол Фе red blood corpuscles. 


The other patient in Preston hospital developed mild symp- 
toms of jaundice and decrease of hemoglobin under a daily 
dose of 1 gram quinine and 0.08 gram plasmoquine (that is, 
16 tablets) but recovered. 

Observation of side effects, such as cyanosis, nausea, and 
abdominal pains, differs widely in the different hospitals and 
might partly depend on the individuality of the observers. In 
this respect we refer to Memmi and Schulemann’s description 
of the epidemic spreading of complaints over а ward. Whereas 
in Tela Hospital eleven of fifty-four patients under pure plas- 
moquine treatment showed cyanosis or epigastric pains and 
two of twenty-cight under plasmoquine compound treatment 
felt “slight nausea,” only four of one hundred eleven patients 
from the three other hospitals had апу complaint at all. Be- 
sides, Whitaker from Tela Railroad Hospital observed these ill 
effects only after administration of 0.1 gram and adds that 
after reduction to 0.08 gram plasmoquine "these results were 
infrequent.” 

Опе case with malarial infection and insufficient quinine 
treatment may be quoted. This, under 0.06 gram plasmoquine 
and 0.75 gram quinine daily, develop icterus and slight he- 
moglobinuria on the fifth day, but they disappeared after 
twenty-four hours without interruption of the medication. In 
general the experience in the four hospitals of the United 
Fruit Company confirms to a large degree the statements of 
Muehlens concerning clinical symptoms and parasiticidal ac- 
Чоп, The reports note especially rapid reduction in size of 
the spleen after administration of either plasmonuine or plas- 
moquine compound and indicate а very important field of use- 
fulness in pregnancy, even in its late stage where no such 
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uterine contractions occurred after plasmoquine compound as 
are observed frequently under pure quinine medication. 

Philip Manson-Bahr(t7, 18) reports twenty-eight cases. He 

confirms the good effect of plasmoquine in ten tartian cases 
and the well-known insufficient effect in the subtertian type. 
His results with plasmoquine compound were satisfactory in 
‘five cases of sestivo-autummal type and even in five cases of 
benign tertian. He observed several toxic side effects, three 
cases showed methemoglobinuria (іп two of them the chocolate- 
brown blood contained methemoglobin) within twenty-four 
hours of the “cyanosis” after 0.4 gram plasmoquine. The дай 
dosage was 0.12 gram. These two patients had a typical hæ- 
molitie icterus. Manson-Bahr says: "The attack resembled a 
mild blackwater-fever which ran a favorable course.” 

Cherefeddin (19) reports from Gureba-Institute, Constantino- 
ple, three cases of subtertian infection which were cured by 
pure plasmoquine, Не is the only author who claims pure plas- 
moquine superior to quinine against subtertian schizonts. He 
says: “The action of plasmoquine upon the rings of æstivo- 
autumnal type is stronger than that of quinine; it acts certain 
and well on subtertian gametocytes.” 

Eiselsberg (20) reports a poisoning on the fifth day of plas- 
moquine medication. The daily dose was far under the permit- 
ted dose of 0.15 gram, the total dosage was 0.2 gram. The 
patient had no malaria but a very chronic pempigus conjunc- 
tive. Не became— 


By that time (2nd December) yellow, weak with much epigastric pain 
and, after tho last pill, vomited and lost consciousness, His tempera- 


+ After this paper had heen finished (January, 1928), the 15th Annual 
Report of the United Fruit Company (1927) hed been published, which 
confirms as а whole the very satisfying experience with plasmoguine as 
published in the 15th Annual Report. It scems, however, that the phy- 
sicians of the company observed occasionally some toxic side effects, which, 
made them decrease the amount of plasmoquine to 0.04 gram in eoml 
mation with from 1 to З grams quinine daily. We consider this amount of 
plasmoquine too small, and we think (bat such heroic doses of quinine are 
їп excess and that they give no better results than smaller doses, which in. 
acute cases with alarning symptoms may be given intramuscularly. 

An outstanding observation way mate by Barber and Komp., They 
found that small doses of plasmoquine may so cripple gametocytes that 
they are rendered ineapable of forming healthy oócysts. By this toxie 
action про the crescents, mosquitoes feeding on these inviduals da mot 
become infected. Decks says: “This observation is exccedingly important, 
and if it is confirmed, plasmoquine must be considered of paramount 
importanee in malaria control.” , 
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ture was 99.5 (1035) вой the urine deep brown. Ме camo under tho 
care of Eiselsherg next day, Не was still vomiting but mot ringing up 
blood. Urine dark brown with brown sediment and riving ецајасит test, 
even when diluted 500 times; much albumin; red corpuscles; an occasional 
Даро: no casts: Liver very temdor; spleen twa Bngers, Red corpuscles 
2,400,000 with poikilocytosix and anisocytasis. Uy 0 p. m. the red corpus- 
«ез numbered 1,550,000; the serum was brownish ved with a strong direct. 
bilirubin reaction and with urebilim strongly positive. Blood transfusen* 
and dextrose improved matters. On the fourth of December the red blood 
corpuscles mmbered 1,300,000, the whites 15,700; on the fifth телото 
globin pectroscopically established in the urine, apparently the frst 
Spectroscopic examination made. Rapid improvement followed. 


G. Carmichael Low(2!) in а short note writes against phas- 
moquine and without mentioning his results reports four cases 
In three of them he observed “cyanosis” and of the fourth 
reports “sickness after the use of plasmoquine,” but he does 
not give any further details. 

W. Fletcher and К. Kanagarayer(22) report ninety-seven 
cases of malaria treated with plasmoquine. Tho authors state 
that the effect, in tertian and quartam type "upon the parasites 
was equally striking,” and that "plasmoquine proved at least 
equal to quinine.” In subtertian fever (hey observed, as is 
sufficiently known, not а satisfactory action with the pure plas- 
moquine, but had to employ plasmoquine compound. Concern- 
ing side effects the wuthors mention only (wo eases with eyano- 

5, one with gastralgia, and two with fever and collapse while 
undergoing treatment but without any abnormal findings in the 
urine, зо that the authors do not consider this illness due to 
plasmoquine. 

Recently, P. Ignacio(23) published a very interesting paper 
on the plasmoquine treatment of twenty-nine cases of malaria, 
most of them in the Philippine General Hospital, Manila. This 
work Was done long after we had started our studies and 
was under the direction of the Research Committee of the 
College of Medicine, Мапа. Briefly it may be noted that the 
author saw the well-known effects reported фе Muehlens, when 
the drug was administercd properly. Unfortunately, the author 
had not a sufficient supply of plasmoquine compound, so that 
“we have used a combination of plasmoquine tablets and quinine 
bisulphate capsules," For blood examinations, no thick films 
were made, but “thin smears obtained one half to one hour after 
the injection (adrenalin or strychnine) were always used in the 
blood examination using the Wright's stain.” * 
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Side effects were observed as usual, but “the untoward effects 
ate, therefore, few and mild and that they disappeared prompt- 
ly when the drug is withheld.” The author, following Mueh- 
dens, says of plasmoquine compound: “It appears that 
plasmoquine compound is more powerful than quinine.” 

Pharmacological tests were made by Eichholtz(5) and Le 
Haix and De Lind van Wyngaarden.(24)  Eiehholtz found that 
im cats 2.5 to 5 milligrams plasmoquine per kilogram weight, 
given hypodermically, produces methaemoglobin "formation. 
Then he states: 

1. Intravenous injection of plasmoquine affcets in eats, dogs and rab- 
bits the coördinate action of the beart by suppressing systoles or dupli- 
cating them, producing arrhythmia perpetua in higher doses, 

2. Adrenalin, За small amount, prevents this interruption. The amount 
of adrenalin which is formed and flows into the blood after psychíe emo- 
tion or muscular activity acts in like degree. 

3. Quinine, given in sufficient dose (і. e. 2 to 4 milligrams intrave- 
тошу), also eounteracts, 

Le Haix and De Lind van Wyngaarden showed that consid- 
erable differences prevail in the different animals. Whereas 
per kilogram weight the fatal dosage for cats is 5 milligrams, 
given either hypodermically or intravenously, and 7.5 milli- 
grams if given orally, rabbits may die after the administra- 
tion of only 3.5 milligrams, but tolerate up to 20 milligrams 
given hypodermically, and even 225 milligrams if given by oral 
applieation. Cats seemed to recover more quickly than rabbits 
after poisoning. Death occurs with symptoms of dyspnoea, as- 
phyxia, bradycardia, and arrhythmia. The authors note spe- 
саћу the formation of methemoglobin, 

Plasmoguine сап be identified(25) after medication in the 
urine by extracting the urine (200 to 300 cubic centimeters) 
after alkalization with ether. After adding 2 per cent acetic 
acid the ether is evaporated. The residue is taken up with 
glacial acetic acid and tetra-chlor-benzoquinone, so-called chlor- 
anil: 


Тавык 7—Records of additional canes, 
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А bluish-green or bluish color appears, according to the con- 
centration. 

Plasmoquine containing urine gives a precipitate with mercury 
iodide-potassium iodide, аз docs quinine, but which persists in 
heating. 

Plasmoquine, on the other hand, does aot give the thalleioquin 
reaction, which remains characteristic for quinine, 

The diazo reaction is positive for plasmoquime in dilutions . 
of 1 : 100000. : 

Our own experience with plasmoquíne includes ninety cases 
of authochton-acquired malaria? Some were private patients, 
but the majority were cases in San Lazaro Hospital, Manila. 
Most of the latter patients came from Novaliches district, 
Rizal Province, about 25 kilometers north of Manila, Luzon, 
where a new water-supply system for Manila is under con- 
struction. The blood films of the private cases were all stained 
with Giemsa’s stain, examined and checked by the two authors 
separately. From the hospital cases, however, the blood films 
were taken by one of the resident physicians (Dr. J, Salta or 
Dr. В. Barrera), stained in the beginning with Wright's 
stain and latter with Giemsa's stain also, the latter being 
by far the better method. Another thick blood film and, if neces- 
sary, a thin smear too, was stained and examined by the authors 
themselves. Both findings were checked and usually agreed, In 
the very rare cases of nonagreement they were considered аз 
positive. 

Thirty-nine pure tertian infections were treated with plas- 
moquine аз а shown in Table І апа 4. The daily dosage was 0.02 
gram plasmoquine three times, which was given without interval 


"After this paper had been aleeady finished (January, 1928), we had 
the opportunity to treat five more cases of malaria with plasmoquine. Аз 
Table 7 shows, the same коой effects of plasmoquine medication were 
‘obtained in one pure tertian and four subtertian infections. Of the latter 
ome was а baby, 9 months old, which got three times one tablet plasmo- 
quine epmpound (0005 gram plasmoquine and 0.0685 gram quinine sul. 
phate) а day and tolerated it well. The blood picture of the tertian 
ease was followed up and is also shown in Table 7. In this cae the 
lymphocytosis after plusmoquine medication is pronouneed as well as the 
appearance of а few very young forms of leucocytes; namely, myelocytes 
and even promplocytes, We do not decide if this answering on behalf 


of the bane marrow and tho spleen is to be considered ns a precipitated 
rogencration’ caused by the malarial infection or by the toxic effect of 
the drug. ” 


Tagus L—Tortian type of malaria treated with plaemoquine, 
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up to the day of discharge from the hospital, the longest period 
being fourteen days. Whereas in most patients the tertian 
parasites can по longer be found on the fourth day after the 
beginning of treatment, and have already disappeared even on 
the second day in some casos, in a few cases the peripheral 
blood is not found free before the sixth or seventh day. With 
the exception of these rare cases we can confirm Muehlens's first 
report. But, on the other hand, and as will be explained later, 
we do not consider pure plasmoguine as a convenient antima- 
larie for tertian infections unless one is working in ome of the 
rare districts of the world where only tertian fever prevails and 
neither wstivo-autumnal nor double infections occur. 

Defervoseence occurs early. 

We have had no opportunity to treat quartan infections, and 
this type is extremely rare in the Philippines. 


We treated twenty-seven cases of simple subtertian infec- 
tion with plasmoquine compound as is shown in Table 2. The 
daily dosage was two tablets three times in the beginning; that 
is, 0.08 gram plasmoquime and 0.875 gram quinine sulphate. 
Later, for ease 14, we increased the amount to four tablets 


three times а day; that is, 0.06 gram plasmoquine and 0: 
gram quinine sulphate. The quantity was doubled because in а 
few cases of double infection (tertian and zestivo-autunmal type) 
the parasites persisted in the peripheral blood to the twenty- 
second and even to the twenty-fifth day after plasmoquine medi- 
cation was begun and continued daily without interruption (see 
case 14, Table 3). 

Speciat interest attaches to case 26, for this was the most 
cavefully observed patient in the group (one of the private 
patients of Dr. Н.). Daily blood examinations were made. 
Later, after discharge from the hospital, the patient carelessly 
took too small an amount of plasmoquine compound and came 
back after four weeks not only with fever, loss of fifteen pounds, 
and headache, but also with a few crescents in the thick blood 
flm. Crescents had never been found before. 

As Table 2 shows, subtertian parasites were found in our 
cases longer than Muehlens states in his experiences. With а 
dosage of two tablets three times, whereas crescents disap- 
peared very soon and could not be found after the fourth day of 
administration, schizonts persisted until the ninth and even the 
tenth day (сапе 13, G. Р.). It might be stated that crescents 
appeared in three cases on the second and the third day after 
treatment began, where they had not been observed before. 
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This somewhat "provocative" effect of the drug will be dis- 
cussed later, 

Interesting observations were made in our eighteen cases 
with double infection as shown in Table 3. 

"Whereas these cases revealed all the dificulties in making en 
exact differential diagnosis between tertisn and subtertian 
Young schizonte (small rings) in the thick blood film, in all these 
cases examinations of thin smears were necessary for the exist- 
ence of Schueffner dots, and enlargement or reduction in size 
and darker coloration, respectively, of erythrocytes, and for 
finer structure of the parasite’s protoplasm. 8 

Cases 1, 4, 5, and 13 showed only tertian schizonts in the first 
blood film examined, Cases 1 and 4 received two tablets of 
pure plasmoquine three times a day (0.12 gram daily). Case 
1 showed om the second day small subtertian rings. On the 
fourth day crescents appeared, but disappeared three days later 
after plasmoquine compound (two tablets three times a day) 
was administered. In case 4 crescents appeared on the sixth 
day after treatment with pure plasmoquine had begun and two 
previous blood examinations were found negative for any para- 
sites. The day after administration of plasmoquine compound 
the crescents were found no mor 

Case 5 received four tablets of pure plasmoquine three times 
а day (10.24 grams) and showed smali subtertian rings in 
abundance two days later. After daily administration of four 
tablets three times a day of plasmoquine compound these sub- 
tertian rings remained for five days more. 

Case 13 with tertian rings received 0.12 gram pure plasmo- 
quine daily. On the eleventh and the twelfth day after the 
beginning of treatment the blood examination was negative. 
On the fifteenth small subtertian rings appeared and were abun- 
dant on the seventeenth day. Plasmoquine compound, two 
tablets three times a day, was given, and seven days later the 
peripheral blood was free, 

Cases 8, 6, and 15 showed subtertian rings. After adminis. 
tration of plasmoquine compound, two tablets three times a 
day, case 3 revealed on the third day tertiam schizonts, which 
were found together with subtertian rings. He left the hospi- 
tal one day later. 

Case 6 showed tertian schizonts together with subtertian two 
days after treatment with plasmoquine compound was begun. 
Two days later the peripheral blood was found negative for 
both types of parasites and remained во. B 
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Та сазе 15 only tertian schizonts were observed on the second 
day. The following day 0.12 gram pure plasmoquine was given 
amd continued daily. The blood examination was negative until 
the tenth Jay after treatment was originally begun, when sub- 
tertian rings reappeared. Three days later plasmoquime com- 
pound, two tablets three times a day, was given, The parasites 
Were still present on the twenty-second day. Though the blood 
examination was negative on the twenty-fifth day, the dosage 
of plasmoguine compound was doubled (four tablets three times 
а day), and the peripheral blood remained free. 

Cases 2, 7, 9, 10, and 11 showed both young schi: 
Чап ‘as weil us of the subtertian type, The par 
already disappeared in case 7 by the third day. 

In case 2 only subtertian rings were found on the second 
day and had disappeared by the time of the next examination, 
the fifth day. 

In case 11 there were present, besides the terlian and the sub- 
tertian sehizonts on the second examination, also tertian game- 
tocytes; these had already disappeared by the third examination 
two days afterwards, 

Case 8 showed tertian and gametocytes and schizonts besides 
sesfivo-autumnal schizonts in the first-examined blood fitm; they 
disappeared very quickly and could not be found two days after- 
wards or subsequently. 

Оазе 12 was an exceptionally heavy infection with abundant 
tertian and subtertian parasites of cach stage, gametocytes as 
well as crescents included. On the second day crescents had 
disappeared, and there remained only a few tertian gametocytes 
besides both types of rings. The thick film on the fourth day 
was negative and further blood pictures remained the saine. 

Сазе 14 showed small rings of both types. He received (ко 
tablets three times а day. Оп the ninth doy the tertian para- 
sites had disappeared, but increased numbers of subtertian 
rings wore observed during the two following examinations. 
These young subtertian schizonts were, however, found in de- 
creasing numbers until the twenty-fifth day. Though two days 
later the blood examination was for the first time negativi 
the medication was doubled and the peripheral blood remained 

тев. 

In two of the three cases in this table where the peripheral 
blood remained positive for parasites over a longer period it is 
remarkable that previous medication of pure plasmoguine for 
some days kad been given. Discussion might be raised as to 


nts of ter- 
sites had 
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how far а certain “accustoming” of the parasites may ђе re- 
sponsible for this fact. 

Table 4 shows six cases which erroncously received quinine 

after originally plasmoquine treatment was begun., 
, Cases 2, 3, 4, and 5 with simple tertian infections received 
042 gram pure plasmoquine daily. The peripheral blood was 
found free of parasites in two cases on the third day, in one 
on the fourth, and in one on the seventh day after treatment 
began. . 

Tn сазе 1 only tertian schizonts, merozoites, and gametocytes 
were found. On the ninth day small subtertian rings were ob- 
served in the absence of tertian forms, ў 

Case 6 showed tertian rings. The second day afler the be- 
ginning of treatment only small subtertian rings were found. 
The fifth day not only these smail rings remained but crescents 
also appeared under pure plasmoquine administration. The 
following day plasmoquine compound was given. Though eres- 
cents were no longer found, the small rings persisted until the 
tenth day. This observation reminds us of cases 18 and 15, 
of Table 8, where likewise pure plasmoquine treatment was 


Тави: 4—Tertian tyne of malaria and double infeetion in which treatment 
with plasmoquine was interrupted; further treatment with quinine. 


бъ gaootacytes: Э, сини: Т, дебати В, лаб леви 
te change in the neditaon: Q. quinis given) 


j ERE ет 


mes | pen 
Am qms 


Tants 5—Three special cases of maleria. 


т 


аабай: Ф, давеку: |, педя t, chunme Ба thy modieation 


Days alter treatment 


овазха CEN) or j 


а 
з 
Е 
Е 
S, 
` 
E 
H 
з, 
g 


" 


за — Hasselmannand Hasselmenn-Kaklert: Plasmoquine "105 


antecedent. and the question of "accustoming" had been already 
raised. 

Some cases merit special attention and are shown in Table 5. 

Case 1 with simple tertian infection received 0.12 gram pure 
piasmoquine daily, over а period of six days. On the fourth 
day after treatment began the parasites had already disappeared 
from the peripheral blood. On the seventh day the patient re- 
fused to take any more medicine, either plasmoquine or quinine. 
Two days later tertian rings appeared again in the»peripheral 
blood and remained there until the patient was discharged some 
days later. 

Case 2 was a 12-year-old boy, with small zstivo-autémnal 
schizonts in the peripheral blood. Оле tablet three tinies a day 
only was given. Several times (see table) parasites were found 
up to the twenty-fifth day, when the medication was doubled. 
Three days ister the parasites had disappeared and remained so 
unti] the thirty-seventh day, when the patient left the hospital. 
This evidently proves that even in children plasmoquine com- 
pound in half dose is in no way sufficient and the normal dose 
is well tolerated by them. This was also observed in case 4, 
Table 1, в girl of T years with simple benign tertian infection. 
The child received from the very beginning of treatment the 
full amount of 0.12 gram pure plasmoquine and tolerated it well, 
except for slight cyanosis of the finger tips. 

Case, 3, a man of 24 years, showed in the beginning tertian 
schizonts in the peripheral blood. Under administration of pure 
plasmoquine, 0.12 gram daily, a few tertian gametocytes were 
found on the sixth бау. Ол the thirteenth day small wstivo- 
autumnal rings were observed. From the following day to the 
thirtieth day (that is, over a period of twenty-four days) qui- 
nine sulphate, L8 grams daily, was given, but subtertian schi- 
zonts still persisted. ‘Then plasmoquine compound, two tablets 
three times a day, was administered. After two days the 
subtertian schizonts were abundant in the peripheral blood. 
When the patient left the hospital two days later (that is, the 
forty-third day after treatment originally began), the parasites 
were found in decreased but still considerable numbera. 


CONCLUSIONS 


Concerning the action of pure plasmoquine in benign tertian 
infections we are able to confirm the good effect on all forms 
of the parasite as first reported by Muehlens. However, we 
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gave slightly larger doses (namely, 0.12 gram daily) in the be- 
ginning and found it valuable sometimes to increase the dose to 
0:24 gram daily. Under such medication defervescence occurs 
early and, whereas in many cases parasites had disappeared on 
the second day after the beginning of treatment, in none of our 
cases could we find parasites for more than six days. 

Splenic enlargenient rapidly decreases under plasmequine 
medication. Case 85, a private patient of Doctor Moreta whom 
he courteously sent us, proviously bad malaria. He had те: 
ceived quinine and showed no more parasites in the peripheral 
blood but had still a very large spleen. After plasmoquine the 
spleen rapidly decreased in size. 

In a few cases tertian gametocytes, which could not be found 
in the beginning, appeared under plasmoquine medication, but 
disappeared again very soon. 

ln wstivo-aütummal infections it seems to us that with six 
tablets of plasmoquine compound daily (that is, 0.02 gram plas- 
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moguine and 0.375 gram quinine sulphate) the parasiticidal 
effeci, though much superior to quinine, is yet not 50 striking as 
claimed by authors in Europe. However, it should be kept in 
mind that the general conditions in the Tropies, poorer food, aud, 
doubtiess, lower resistance of the poorer class are less favorable 
than conditions in European or American hospitals. 

In a few of our cases the parasites persisted to the eleventh 
day, although we gave larger doses than originally suggested 
by Muehlens. However, this author has more vecently recom- 
mended from 0.06 gram plasmoquine and 0.75 gram quinine 
to 0.08 gram plasmoquine and 1.0 gram quinine daily. 

The effect of plasmoquine compound upon crescents is strongly 
pronounced, as Muehlens stated. However, as this author has 
already reported, we have observed likewise some cases in which 
crescents appeared for the first time under plasmoquine ad- 
ministration but soon disappeared with continued treatment. 

In double infections we noticed frequently somewhat of a 
provocative effect of plasmogrine. This means in cases where 
primarily only tertian parasites were found, after administra- 
tion of pure plasmoquine subtertian schizonts and even crescents 
appeared. In these cases treatment was continued with plas- 
moquine compound, On the other hand, under plasmoquine- 
compound administration the tertian parasites appeared in the 
peripheral blood, where only subtertian forms had been pre- 
viously present. But in these cases, only tertian schizonts op- 
peared and never the sexual forms contradictory to the above- 
mentioned appearence of erescents in the suspected simple tertian 
infection. 

А few “plasmoguine-resistant” cases were observed by us, as 
shown in Tables З and 5. 

Concerning the side effects we observed frequently more or 
less pronounced cyanosis which, however, was in none of the 
cases so alarming as to require the withholding of further 
plasmoquine medication. This cyanosis is often first observed 
оп the pails and the finger tips, on the mucous membrane of the 
lips, and in the mouth. The face shows a very typical, pale, 
livid gray. "The droplet of blood obtained by pricking the finger 
pad has a characteristic dark biuish-red color. 

One of our cases even received up to 0.15 gram plasmoquine 
with 0.875 gram quinine daily, and showed no alarming side 
effects. 

Though "this cyanosis occurs more frequently and generally 
is more pronounced after medication with pure plasmocyine, we 
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have also noticed the same after administration of plasmoquine 
compound. We have not obsorved any relationship between this 
cyanosis and the severity of the malarial infection. 

Muchlenr, in his first publication, (6) considered circulatory 
disturbances responsible for the cyanosis, More recently, how- 
ever, he has accepted the general consensus of opinion(9) that 
formation of methemoglobin is the real cause. Not only met- 
hemoglobin could be found after plasmoquine medication by 
Eichholtz(8) in man and by Le Haix and De Lind van Wyngaar- 
den(24) in cats and rabbits, but the latter authors also showed 
that in vitro it may be formed by plasmoquine from the blood 
of men, cats, rabbits dogs, horses, cattle, sheep, and pigs. 

Gastralgia was observed frequently in ward patients and ез- 
pecially if one patient had started to complain, the others fol- 
lowed, In none of our private cases did we hear any severe 
complaints, We therefore agree perfectly with Memmi and 
Schulemann, (8, 10, 11) Whitaker, (16) and others, that the degree 
of these abdominal pains is widely dependent on psychological 
factors, both of the patient and the observer. Though generally 
abdominal pains scem іо occur more frequently after pure plas- 
moquine, they are also noted after plasmoquine compound medi- 
cation. 

‘The differential leucocyte count was made from a Giemsa- 
stained thin smear. ‘This specimen was not made on a slide but 
‘on a cover glass after the procedure of Naegeli and as recently 
described by Hasselmann.(26) We have observed no remark- 
able effect of plasmoquine administration, except lymphocytosis 
as described by Memmi and Schulemann.(8) Table 6 shows six- 
teen examples of the leucocyte pictures. Concerning any direct 
visible action of plasmoquine upon the form or shape of the 
Plasmodium, we have seen these curious parasites only upon ог 
even just outside the border line of the erythrocyte, where the 
Plasmodium itself seemed to be dying and stained very palely. 
We did not observe the so-called "Zerreissungsformem" as first 
described by Sehaudinn Є?) after quinine, norcould we feel tho- 
roughly convinced of the "Degenerationsformen" as described 
after plasmoquine treatment by Memmi and Бейшетапт (00) 
and by Manson-Bahr. (18) 


OUTLOOK 


As already stated quinine is far from being the therapie 
magne. steritisans for malaria eradication. With the exception 
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of Billet(28) most authors, including Barber,(29) Bass, (30) 
Bignami,?) Darling,G1) Gualdi, (22) James, (3,34) Jancsó, (35) 
Macfie,20,97) — Martirano,2) — Polettinij(S9) Purjesz, (38) 
Rjeux,(40) Schaudin, (41) Loewenstein, (42) Thomson.) Wen- 
yon,(44) Werner, (45) and Yorke, (30, 92) consider that quinine 
does not affect the gametocytes and that patients receiving even 
2 grams of quinine daily are infective for the biting mosquito. 
Furthermore, Yorke and Масйе(86, 37) showed that, under ex- 
perimental conditions only daily quinine treatment for ten days 
after the infectious bites could prevent the infection. Similar 
observations were made by Kirschbaum(48) іп paralytics after 
injections of malarial blood, . 

As shown by James and Shute(?,48) in their notable in- 
vestigation with experimental infection of 2,630 female Anophe- 
les maculipennis, it is most striking that a relatively small 
proportion of malarial-infected persons are infective to mosqui- 
toes. ‘They say: 

During this work it has been out experience that some patients with 
induced malaria are not at all infective to anopheles at any period of their 
malarial course, that others are only moderately so, and that rarely one 
comes across à patient who is strikingly infective, 

‘The authors conclude that those patients are “good infectors" 
who carry a large number of gametocytes as found on blood 
examination, but in contrast to the opinion of Darling(31) and 
others who claim that one gametocyte to five hundred leucocytes 
{that is, twelve per cubic millimeter of blood) should be sufficient 
ior infecting the mosquito, they had many failures even if the 
number of gametocytes was considerably in excess of this, The 
authors, therefore, have the impression that the quality of the 
sexual form, perhaps, the character of “ripeness,” plays a more 
important rôle. 

It is evident that apart from the mosquito conditions the in- 
cidence of gametocytes in man is the most important factor 
in the spread of malaria. From the epidemiologic standpoint 
cases of ‘subtertian malaria treated with quinine may he for 
weeks а greater danger in labor camps than even the recently 
infected cases one finds in field surveys. Wenyon(4s) and 
Clark (49) have shown that even after hospital treatment ‘vith 
up to 4 grams of quinine daily and without fever and symp- 
toms, а large percentage of such cases remain gametocyte car- 
riers. In view of this we may direct more attention to the fact 
that malaria is а “household disease” and as such might often 
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be dealt with in the houses rather than with antilarval methods 
It should be remembered that Le Prince and Proctor (50) proved 
the efficiency in Panama of systematic mosquito catching in 
dwellings, as lately again recommended by James. However, 
conditions in the Philippines are somewhat different, since Ano- 
pholes minimus, the chief vector, has never been found resting 
in houses. 

With this in mind the demonstrated gametocidal activity of 
plasmoquine permits us to return to Robert Koch's (31,52) post- 
ulate that it is relatively more important to extirpate the ma- 
laría infection in the infected human carrier than to eradicate 
the mosquito as suggested by Ronald Воз (92,54) Та order to 
avoid any misinterpretation we want to stale positively that 
under favourable conditions in comparatively smail areas mos- 
quito-control work may remain the standard method. Examples 
such as Ismailia, the Panama Canal Zone, the Federated Malay 
States, some places in Dutch East India, the “bonifications” in 
Italy (incidentally, though not directly, antilarval), and lastly 
the very effective work in Jugoslavia as reported by Hasselmann 
(55,36, 57) are widely enough known. The cost of this mosquito- 
contro] work justifies itself and can be maintained only in large 
commercial and industrial centers or populous residential 
districts. Ir rural districts and especially in large plantations 
we still consider the sufficient treatment of the discased men as 
the most effective procedure. One of the world's most extensive 
plantation undertakings, the United Fruit Company, in its last 
annual report, (16) suggests the same view. (Also compare the 
Proceeding of the Seventh Congress of the Far Eastern Associa- 
tion of Tropical Medicine, Caleutta, the different views of Colonel 
James and Sir Malcolm Watson.) 

Tn this respect we have in the new plasmoquine a remedy to 
cut the vicious cirele of malarial infection in the human carrier 
by destroying the gametocytes, whieh are alone the infective 
source for the biting mosquito. 

A few words may be said about the special conditions in the 
Philippines. Our patients came mostly, as already mentioned, 
from the Novatiches district, Rizal Province, about 25 kilometers 
north of Manila. This has been long known as a heavily in- 
fected malarial district, Judging from morbid incidence Anoph- 
eles minimus is supposed to be chiefly responsible for transmis- 
sion, though Anopheles borbirostris, philippinensis, hyeranus, 
fuliginosus, and rossi ave found there too. Whereas А. fuligi- 
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позив, ћустаниз, and phitippinensis brecd mostly in stil water 
only, А. barbirostris and rossi are encountered in both still and 
running water. Anopheles minimus, the vector, is here found 
only in clear running water under shade, Anopheles barbiros- 
tris is usually found associated with А. minimus, but in more 
slowly moving rivers. 

The Rockefeller Foundation and the Philippine Health Serv- 
Ке have done some good work in San José, Mindoro; on the 
Calamba sugar estate, Laguna; and in the districts of Novaliches 
and Angat, where the new water supply for Manila is under 
construction. Quininization and mosquito-control work (the 
later mostly by the use of Paris-green powder) against’ А порћ- 
eles minimus, the chicf vector, gave results which cannot be 
separated from each other. A prolonged and sufficient treat- 
ment of the patient, with the goai of freeing him from malaria 
gametocytes and especially from crescents, will no doubt prove 
still more effective than prophylatic medication with plasmo- 
quine. We perfectly agree with the United Fruit Company, 
Which urges Hit no malaria patient should be discharged from 
the hospital who still has gametocytes ін the peripheral blood 
and that the discharged patients should remain under observa- 
tion for a certain time, These means of freeing carriers from 
gametocytes are much more effective and economic. Such a 
desideratum, practically impossible with quinine, is now brought 
within practical lines through the addition of plasmoquine to 
our antimalarial armamentarium. 

It may be stated that we consider 0.12 gram pure plasmoquine 
a day, given in dosis refracta, as a sufficient quantity for benign 
tertian infections. We have never seen any alarming side effect 
with this dosage that would have required the diseontinuance 
of plasmoquine medication. 

Jt is, however, more convenient to administer plasmouuine 
compound at once in cases where the least suspicion of a possible 
subtertian infection, or a double infection exists, We refer to 
Maehlens,(9) who says: 

In all tropical countries where double infections with subtertian fever 
occur, plasmoquine eompoond should he given to avoid relapses of subter- 
tian fever after tertian or quartan, respectively, have stopped. 

Whereas this author thought temporarily to recommend 
smaller doses, he has increased them more recently (9) to 0.06 
gram plasmoquine fogather with 0.75 gram quinine а day; that 
is, six of the larger or twelve of the smaller tablets of разто- 
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quine compound. Та our cases and in consideration of the small 
size of the average Filipino we found daily doses of 0.03 gram 
plasmoquine and 0.375 gram quinine sulphate sufficient in most 
of the cases, though much larger doses were well tolerated, as 
the tables show. In this respect special attention may be di- 
rected to case 25, Table 1, with tertian infection, who was given 
daily 0.32 gram plasmoquine for three days and 0.12 gram 
plasmoquine for cight days, altogether 1.02 grams plasmoquine 
without interruption in the course of eleven days without any 
considerable side effect, Case 26, Table 2, with estivo-autum- 
nal faver received up to 0.15 gram plasmoquine together with 
1.875 gram quinine sulphate a day and tolerated it well, Even 
jn this case, with the comparatively heroic dosage, two more 
rises of temperature occurred as shown in the text figure. 

This fever curve, besides, is typical and might be given as an 
example. Furthermore, in this case, which was a European of 
19 years and became infected on a kapok plantation in Novali- 
ches district, it is noteworthy that crescents appeared on the 
thirty-eighth day after plasmoquine-compound treatment began, 
though the patient took the drug for four weeks but only very 
irregularly and in too small doses; namely, two small tablets з 
day for after treatment. We cannot speak of « certain plasmo- 
quine-fast strain of the parasite, because under continued and 
proper medication of the same drag, the parasites disappeared 
and did not reappear, 

Our observations are not sufficient to formulate proper con- 
clusions concerning relapses, for most of the ward patients had 
to be discharged from further hospital observation to their 
respective camps, It may, however, be stated, that even of 
these laborers only one {case 23, Table 1) came back within 
five months with malaria, whercas laborers from the same 
camps, who had been treated with pure quinine, frequently came 
hack for hospital treatment, Very often the latter then ob- 
tained plasmoquine treatment and were finally cured. 

Case 26, Table 2, as already mentioned, had a relapse and even 
developed crescents. Muchlens(9) and Memmi and Schule- 
mann(19) admit that this may happen but very seldom. 

We did not observe, as reported by Vad and Mohile(58)* and 
by Bacrman and Smits,(14) that the natives tolerate plasmo- 
quine better than white people, 


‘These authors recently reported very satisfying results of plasmo- 
quine treatment in sixteen cases of malaria. 
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Concerning the differential leucocyte count Memmi and Schu- 
Jemann(8) report a lymphocytosis up to 50 per cent after plas- 
moquine treatment. In some of our cases we could verify this 
Table 6 shows sixteen blood pictures. 

Finally, the question arises as to the value of plasmoqvine in 
the Philippines, There are about 25,000 deaths reported each 
year due to malaria, Good work has been done since 1922 under 
the direction of the International Health Board, the Philippine 
Health Service, and the United States Army and Navy author- 
ities. Field work, started in Olongapo, Zambales; Del Carmen, 
Pampanga; and various districts in Laguna Province and car- 
ried over certain parts of the country proved successful. Even 
in San José, Mindoro, once known as the “white man's grave,” 
quinine prophylaxis together with spraying of Paris-green 
powder have done much to better conditions, but we must not 
expect too much of these measures. For instance, during the 
second week of February, 1926, in one of the Novaliches camps 
there was а morbidity of more than 20 per cent of all laborers 
who had to be transferred for hospital treatment, and this was 
in the very neighborhood of Manila! Conditions, however, 
have improved; the vector in the Novaliches district is appa- 
rently Anopheles minimus alone, and all streams and running 
waters аге now continuously sprayed. Ти December, 1927, an 
epidemic outbreak of malaria among the Igorots near Ibulao 
River, Mountain Province, Luzon, was reported, (50) not to speak 
of the vast areas in Mindanao where only malaria prevents 
exploitation of one of the gobe's most fertile soils. 

We wish to direct attention to the more economical possibility 
of breaking the vicious circle of malaria in man by administering 
plasmoquine, not prophylactically, but as suficient treatment of 
the infected, thus freeing him from gametocytes and making 
him sterile for the biting mosquito, the ineradicable animal of 
tropical countries. 


SUMMARY , 


1. Ninety cases of naturally acquired malarial infection were 
treated with plasmoquine." 


+ We had no opportunity to treat cases of pneumonia with plasmoquine 
as did Н. Schlesinger, who reports early defervescence after its ае. 
nistration. Muench. mod, Wo. No, 11 (1927) 479. 
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2, Forty of these cases were tertian infections and received 

from 0.12 to 0.32 gram of pure plasmoquine daily in dosis 
refracta, They were freed from parasites in from two to six 
days after treatment began. 
Thirty-one of the cases were simple estivo-autumnal infec- 
Цопв and received "plasmoquine compound" on an average from. 
one tablet three times (child) to five tablets four times a day. 
' Each tablet contained 0.005 gram plasmoquine and 0.0625 
gram quinine sulphate. They were freed from parasites in 
from two to ten days after treatment began. 

4. Eighteen cases were double infections. Those that showed 
in the first blood examinations only tertian parasites were given 
pure plasmoquine, which was changed to plasmoquine compound 
as soon as the double nature of the infection was revealed. 
The other cases, with both types of parasites ог with only sub- 
tertian forms in the beginning, were given plasmoquine com- 
pound at once. 

5. In all cases—most pronounced in case 85—splenic enlarge- 
ment rapidly decreased. 

$. It seems that in double infections plasmoquine has some- 
what of æ provocative effect; that is, where only one type of 
parasite is found in the peripheral blood, after administration 
of pure plasmoquine the subtertian forms appear in the peri- 
pheral blood; and after administration of plasmoquíne com- 
pound, on the other hand, the tertian forms often appear; but 
in these cases only tertian schizonts appeared and never the 
sexual forms contradictory to the above-mentioned appearance 
of crescents in the suspected simple, benign, tertian infection. 

7. It is remarkable that small estivo-autumnal rings persisted 
for a longer time in the peripheral blood if previous medication 
of pure plasmoguine had been given. Therefore the question of 
а. certain "aecustoming" arises. 

8. Whereas our observations do not warrant final judgment 
concerning relapses, these were exceptionally few as compared 
with relapses after quinine medication. 

9. Side effects, such аз gastralgia and abdominal pains, eyano- 
sis of the lips and the finger tips, and paleness of the skin, may 
occur, especially after pure plasmoquine, but never required the 
discontinuance of the medication. On the other hand these pos- 
sible side effects make medical super 
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заме” and plasmoquine unfit for self treatment, after treatment, 
or prophylaxis without this medical care. Likewise, we do not 
consider plasmoquine suitable for prophylaxis, on a large scale, 
except under strict daily medica} supervision for a possible 
sterilization of a certain population, say for about ten days, with 
the goal of freeing all possible carriers from gametocytes. 

10. We recommend the following doses: 


А. th tertian infections— 

0110 gram plasmoquine daily, best given as one tablet of 0.02 
gram, five times а day. This dose may be eventually 
doubled. 

В. In qstivo-autumnal or in double infeetions— 

Five times a day one tablot plasmoquine compound, each of 
9.01 gram plasmomoquine and 0.125 gram quinine sulphate; 
that is, 0.05 gram plasmoquine and 0.695 gram quinine sul- 
phate а day; that is, at least 0.001 gram plasmoquine per 
kilogram weight, 


Although we consider these doses sufficient in most cases, in 
one case with tertian infection we gave up to 0.32 gram plas- 
moquine daily and in the course of eleven days altogether 1.92 
grams plasmoguine without interruption and without any 
considerable side effects. Another case (26, Table II), with 
subtertian fever, received up to 0.15 gram plasmoquine together 
with 1.875 grams quinine sulphate a day and in the course of 
seventy-six days a total of 1.02 grams plasmoquine and 22.25 
grams quinine sulphate, also without апу alarming side-effects. 

1L Our experience confirme to a jarge extent, Muehlens’s first 
report that this new antimalaric is superior to quinine in ter- 
tian infection and its action as specifically “gametocidal” in 
subtertian fever. 

12, We may compare plasmoquine with the “Altsalvarsan,” 
which was very soon improved after its discovery by Ehrlich 
himself. Therefore, we agree with the following statement of 
Manson-Bahr : (17) D 


Plasmoquine has to be regarded аз tho first of а new series of anti- 
malarial synthetie drugs, and not as the climax of what Баз already been 
accomplished. The future is distinctly hopeful as regards the synthesis 
of в still more efficient antimalaric compound. 


МА, therefore, cannot follow the views of Benecko, but ere in line 
with the oficials of the United Fruit Company (Sixteenth Aonual Report). 
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The administration of plasmoquine © in combination with qui- 
nine as plasmoquine compound has been demonstrated to be 
markedly successful in freeing the victim of malaria from game- 
ytes, This brings nearer accomplishment the originál sugges- 
of Robert Koch to break the vicious circle of malaria by 
destroying the sexual forms of the malarial parasite in the 
hitman carrier, 
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техт FIGURE 
Fig, 1. Temperatüre chart uf a malarial patient treated with plasmoqaine 
ала quinine, 
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å NOTES ON MALARIA TRANSMISSION 


Ву C. MANALANG 
Of the Philippine Health Service, Manila. 


FOUR PLATES 


in 1907, claimed to have produced artificial malarial 
infection im Anopheles ludlowii (salt-water type) and repro- 
duced the disease in a volunteer. His evidence, however, is 
inconclusive. He showed microphotographs of sections of sup- 
posedly infected salivary glands, the only microphotographic 
Hülustrations of sporozoites I know of in available Philippine 
literature on malaria. 

Walker and Barber? in 1914, experimented with Anopheles 
minimus Theobald (A. febrifer Banks), А. rossii Giles, А. bar- 
birostris van de Wulp, A. hyrcanus Pallas, and A. maculatus 
‘Theobald, and succeeded in producing the highest infection rates 
in the stomachs and the salivary glands of А. minimus. They 
concluded that А. minimae is probably the most important trans- 
mitter of malaria in the Philippines. 

In а subsequent paper Barber * included A. maculatus with A. 
minimus as one of the chief transmitters of malaria although 
to a lesser extent. 

By circumstantial evidence the Rockefeller investigators* in- 
criminated А. minimus and A. Iudlowii (fresh-water type), 
stream and river breeders, respectively, as the main vectors. 

The present notes are preliminary in nature and give briefly 
the recent findings of the malaria section of the Philippine 
Health Service on malaria transmission during its first year of 
existence. 

Little. material will be presented, as the major part of the year 
жаз spent in routine surveys, organization, and establishment 
of control areas. 


» Philip, Journ. Sel. $ В 2 (1907) 513. 
? Philip. Journ. Зе, § B 9 (1914) 381 
* Philip. Journ. Sei. § B 10 (1915) 177. 
'Ticdeman, Journ. Prev. Мед. No. З 1 (1927). Mieldazis, Ann, Rep. 
Philip. Health Serviee (1925) 196. 
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The merits of the study of malaria transmission by expei 
mental or by natural infection will not be gone into for the 
present, nor will the question of why one species may be a very 
important vector in one country and mot in another be touched. 

The method followed in the dissection of wild-caught mosqui- 
toes and the result so far attained will be given. Microphoto- 
graphs are presented, particularly those of the sporozoites, to 
compare with those of Banks in Anopheles ludtowii. Different 
stages of the обсузі in the stomach are also illustrated. А 
section of the thoracic ganglion of Cwlez (Plate 5, fig. 2) is 
also given for comparison with Bank's microphotographs of 
sporozoites. Comparison of this figure with Banks's Plate 9, 
fig. 4, would seem to show that Banks mistook the nuclei of the 
neurones for sporozoites. 


ANOPHELES SURVEYS 


In a survey of sixty-nine malarious places in Luzon and МИ 
doro, Anopheles minimus, a stream breeder, was found in sixty- 
four (93 per cent) of the places, and the predominant species 
in fifty-three (77 per cent). It is believed that if larval col- 
lections were made during the malaria seasons in all these places, 
А. minimus would probably be found in almost all and the pre- 
dominant species. There тау be a few localities where А. 
minimus is not the natural vector, but this remains to be shown 
by further observations. In a survey of twenty-five places in 
Mindanao and Sulu, of which eleven were malarious, where 
malaria was present А. minimus was always found, alone or 
with the other species; while when A. minimus or its potential 
breading place was absent, the other species present or abundant, 
there was invariably no malaria. Of course, the presence of 
А. minimus does not necessarily imply the presence of malaria. 
Tt was on the basis of the Mindanao findings that “species con- 
trol” against А. minimus was recommended by the writer and 
approved by the Advisory Committee on Malaria Control in 
April, 1927. This limits Paris-green control to streams and ir- 
rigation ditches found to be A, minimus breeders. 

In localities with permanent streams it has often been said 
and also observed that the peak of the malaria season coincides 
with the dry season (rice harvesting) and with the abundance 
of А. minimus breeding when the water is clear and at a con- 
stant level. During the rainy season the flooding carries the 
larvæ away, hence lower malaria incidence. There are places, 
however, where the malaria season starts after the rain and 
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decreases during the dry зсазоп. This condition Наз been found 
to be due to the formation of rain or temporary streams, the 
A. minimus breeding places, which as a rule dry out during the 
dry season. Both of the above conditions apparently’exist in the 
Wovaliches water project, in Rizal Province, Luzon, with more 
cases during both the dry and the rainy season. Of course, the 
‘nature of the work (excavation and filling) and consequent 
lowered resistance and exposure during rains, might have 
caused more cases and relapses. Ы 


HABITS ОР ADULT ANOPHELES MINIMUS 


No systematic study has been made of the habits of Anophe- 
tes minimus, What will be given here are only incidental ob- 
servations from September to December, 1927, inclusive, in La 
Mesa (Novaliches water project), while looking for the insects 
for dissection purposes. Іа Mesa із the second worst malaria 
district encountered in about two hundred surveys, with 84 per 
cont splenomegaly and 58 per cent positive blood in children 
and at least 46 per cent blood positive among active laborers 
who receive 10 grains of quinine daily. 

The adult mosquito is typically “wild” in that it is very 
seldom found in the ordinary nipa house at night, much less in 
the day time. The only occasions on which they have been 
caught during the day time were when they were imprisoned 
inside wire screens. During the period of heavy catches they 
have shown preferential harborage in two houses out of about 
seventy-five, and incidentally where most of the new malaria 
cases were registered, Why this is го has not been studied, but 
it may be that these houses аге suitably located in the mosqui- 
toes’ line of flight; due to favorable winds; near the nearest 
breeding places beyond the control areas; or, that the houses аге 
firmly built and not subject to much vibration. 

Most of the catches were made outside the houses and by 
exposure of the body and the limbs of the catchers. Fiash- 
light is indispensable to spot them. The best time to see them 
in Novaliches is in the latter part of the evening. Mosquito 
traps have not yet been studied. 

Of over twenty-seven hundred adult Anopheles caught, only 
two were males. This may be due to the fact that аз most of 
the catches were by exposure the nonbiting males were not 
attracted; or, the area being under control, the breeding place 
from which the females come is beyond the 1.5-kilometer limit: 
or for some unknown reason. ] 
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DISSECTION 


The basis for identification of species will not be gone into, 
suffice it to say that Strickland's Manual was used and found 
to be a very simple guide. 

Method.—For a successful dissection the primary requisite is 
a mosquito freshly killed with a drop of chloroform or tobacco 


smoke applied to the mouth of the test tube containing the . 


insect. Incects long dead are unsatisfactory, as they are hard 
and brittle, After the species has been determined, a fine sewing 
needle in a handle (needle 1) is thrust into the thorax, either 
dorsal, lateral, or ventral side, preferably toward the caudal 
half in order to avoid the salivary glands. The legs and the 
wings are removed with a pair of, entomological forceps or the 
fingers. Place а drop of normal salt solution on the middle of 
a slide, and with the aid of another dissecting needle (needle 
2) carefully detach the mosquito from needle 1 and lay it on its 
side on the slide, the head on the edge of the salt drop. Place 
needle 1, held with one hand, on the thorax lightly but firm 
enough to hold it down so that the needle is almost parallel to 
the surface of the slide. Needle 2, held with the other hand, 
also parallel to the surface of the slide and to needle 1, із now 
placed on the head or the proboscis and with sufficient pressure 
to hold but not crush the head. Carefully pull the head inter- 
mittently from the thorax. The secret of pulling out the lobes 
of the salivary glands lies in the slowness of traction on the head. 
The longer one can keep the head and the thorax within 1 to 
2 millimeters distant from each other during the traction, the 
greater are the chances of success. During this stage both 
hands should rest on the table. When properly done, one will 
see white specks, the salivary glands, the esophagus, and some- 
times air bubbles between the head and the thorax floating in 
salt solution. To be sure of success, one should examine from 
time to time the region of the neck during this step. Once 
the glands are pulled out of the thorax, they are cut from the 
head at its junction with the needle. If one fails to get the 
glands with the head, ће should proceed to puli out the stomach, 
and then return to the thorax and tease out the salivary glands 
by tearing carefully with the two needles the region of the tho- 
тах nearest the first coxe with repeated cxamination under а 
low power, The salivary glands are easily recognized as two 
highly refraetile sausage-shaped structures, each of which has 
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three lobes. А total of seven lobes in one insect has been ob- 
served twice, 

‘The stomach is isolated in the same way as the salivary 
glands. Needle І is applied to the thorax with the abdomen in 
salt solution. Needle 2 is applied at about the caudal fourth 
or third of the abdomen and careful intermittent traction ap- 
fled with needle 2. The abdominal casing will break at the 
point of application of needle 2 and expose the intestine, Mal- 
phigian tubules, and ova, if any. Should the abdominal casing 
fail to break at the point where needle 2 is applied, a puncture 
on its edge will start the break. Further traction will reveal 
the whole midgut and often a large portion of the entire foregut. 
Sometimes the abdomen breaks off at its junction with the 
thorax before the stomach is exposed. In that case needle 1 
is applied at the cephalic third or fourth of the abdomen. Much 
pressure in the caudal third or fourth may sever that part of 
the abdomen without exposing the midgut. In that сазе the 
abdominal casing is torn on the edge and carefully pulled off 
the stomach. In a distended abdomen filled with blood or ova 
careful pressure, rolling the needle, from the cephalic to the 
caudal portion will press out the stomach and all. Repeated 
examination under the microscope during the process of dissec- 
tion із very important. 

It is preferable that the salivary glands be removed first, 
as the severed esophagus will facilitate subsequent traction on 
and isolation of the stomach. 

Oócyst.— The nodular corrugations characteristic of a freshly 
isolated stomach from a recently killed mosquito should not be 
confused with oócysts, Cysts have different refraction from the 
stomach tissue proper, and are uneven in distribution. They 
are best seen under a cover glass which is lightly pushed while 
the stomach is under view. The cyst on reaching a profile 
position will appear to be a distinct and complete spherical 
body with a wall and attached to the outer surface of the gut, 
while contractile corrugations are half spheres and regular in 
distribution. Small cysts may contain only spherical hyaline 
hodies, while the larger ones are filled with granules, bacillary 
structures, or spindles. A positive stomach may be preserved 
and mounted in 3 to 5 per cent formalin and the cover slip 
ringed with vaseline. 

Sporozoites.—An infected salivary gland very frequently rup- 
tures during the process of isolation, The sporozoites ave 
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easily identified even with а 3 objective as numerous highly re- 
fractile bent rods, "vibrielike," pouring from the ruptured side 
of a lobe, Before discarding the salivary gland as negative, 
apply a cover glass, press lightly, and push the cover glass to one 
side, If sporozoites are present, they will be discharged from 
the crushed gland. For the study of the morphology of the 
sporozoites, the cover glass is lifted and both the slide and the 
cover glass are allowed to dry. Treated with absolute methyl al- 
cohol Тот а few minutes, washed in distilled water and stained 
with Giemsa, preferably a weaker solution than the one used 
for blood smears if one attempts to demonstrate the sporozoites 
within the gland. Even then, gland cells usually take a decper 
stain and obliterate the contained sporozoites. Isolated sporo- 
zoites, however, could casily be identified as slender, usuaily 
bent, spindles at least 10 microns in length, often much longer, 
with tapering ends, blue cytoplasm, and a red nucleus. 

The specimens successfully dissected from September 1 to 
December 31, 1927, and the positives found are distributed аз 
to species аз shown in Table 1. 


TABLE 1. 


Numbor of mosquitoes dissected, by species. 
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From these observations it is evident that Anopheles mini- 
mus is а natural vector of malaria in the Philippines. This 
species сап he controlled by dusting streams with а mixture of 
Paris green and road dust, so that engineering projects have 


not been shown to be necessary in the contro! of malaria in the 
Philippines, 


‘SUMMARY 


1. Circumstantial evidence in about cighty malarious places 
and direct. evidence in the second worst of these places, point 
to Anopheles minimus аз the natural vector of malaria зо fat 
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found in the Philippines. It is possible that other species may, 
in certain localities, also transmit malaria under natural condi- 
tions, but this has to be shown by further observations. 

The percentage of positives for natural infection of A. 
minimus are 0.83 per cent for the stomach and 0.35 per cent 
for the salivary gland. 

3. The findings justify “species control” which limits larval 
contro] to streams and irrigation ditehes breeding A, minimus. 
Engineering projects are mot, us far as the present surveys 
indicate, necessary in the control of malaria in the Philippines. 

4. The "wild? nature of А. minimus precludes campaign 
against the adults. Traps have not yet beem tried. 

porum 


ILLUSTRATIONS У 
(Niecopbetographs Wy the Turiau of бете 
Piare 1 


Fis, 1. Anopheles minimus Theobald; normal stomach, showing contractile 
corrugations of the stomach wall and s small amount of blood. 
Fixed and mounted in 3 per cent formalin, X 100. 

2. Amopheler minimus Theobald; stomach with облус Fixed and 
‘mounted as in fig. 1, but slightly flattened by the weight of the 
cover glass. x 100, - 

3. Anopheles minimus Theobald; stomach filled with blood and many 
‘young oscysts. Fixed im Bouin's fuid and stained with iron 
Ammonium sulphate and hwmatoxylin. x 100. 


Pate 2 


Fic, 4, Anopheles minimus Theobald; stomach with four young odcyst: 
fresh, mounted in salt solution, flattened and distorted by the 
cover glass. X 480. 

5. Anopheles minimus Theobald; stomach, showing one more-matore 
wüeyst in the center with granular material and distinct eyst 
wali. Fixed in Zenker's fluid and stained with iron ammonium 
sulphate and hamatoxylin. х 1900. 


Puare З 


Fig, 0. Анерісіз minimus Theobald; the same specimen ns that of Яя, 5, 
showing the matured eysts and sporozoites, 
т, Anopheles minimus Theobald; salivary gland, showing sporozoites. 
Fixed in formalin and stained with hamatoxylin-eosin. 600. 
8, Anophelew minimus Theobald; a lobe of the salivary gland, show- 
ўна most of the cells filled with sporozoites. Fixed in absolute 
alcohol and stained with iron ammonium sulphate and hema 
toxylin. x 1000, 


Phare 4 


Fic, 9. Anophetes minimus Theobald; isolated sporozoites from а ruptured 
lobe of the Salivary glands. Fixed in Zenker’s fuid and stained 
with Delafield hematonyliv, x 1000. 

10. Domestic Culex, section of the thoracic ganglion. Fixed in alcohol 
‘and stained with hematoxylin-wosin, showing the nuclei of the 
neurones which Banks mistook for sporozoites. 

E 


жазмак: MALARIA. ‘TWANEWISSION.] риш. Journ, Ser 


PLATE 1. 


`махаикко: MALARIA TRANSMISSION] Iss, досы. Sci, 81, No. L 


PLATE з. 


аднака: Matania Твакешавока 


PLATE 3. 


риш». Jovis, За, 37, 


Mawstane: Matania Тидхатамех:} гинат. Joes, ва, $7, хо. 1 


10 


PLATE 4. 


